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BICYCHC HETEROAROMATIC COMPOUNDS AS KINASE 

INHIBITORS 

5 This invention relates to a series of 5-6 fused ring bicyclic heteroaromatic 

derivatives, to compositions containing them, to processes for their preparation and to 
their use in medicine. 

Immune and inflamntiatory responses involve a variety of cell types with control 
and co-ordination of the various interactions occurring via both cell-cell contacts (e.g. 
1 0 integrin interactions with their receptors) and by way of intercellular signalling 

molecules. A large number of different signalling molecules are involved including 
cytokines, lymphocytes, chemokines and growth factors. 

Cells respond to such intercellular signalling molecules by means of intracellular 
signalliug mechanisms that include protein kinases, phosphatases and phospholipases, 
1 5 There are five classes of protein kinase of which the major ones are the tyrosine kinases 
and the serine/threonine kinases [Himter, T., Methods in Enzymology (Protein Kinase 
Classification), p. 3, Hunter, T. and Sefton, B.M. eds., vol. 200, Academic Press, San 
Diego, 1991]. 

One sub-class of serine/threonine kinases is the mitogen activating protein (MAP) 
20 kinases of which there are at least three fanoilies which differ in the sequence and size of 
the activation loop [Adams, J. L. et al. Progress in Medicinal Chemistry, pp, 1-60, King, 
F.D. and Oxford, A.W. eds., vol. 38, Elsevier Science, 2001]: the ejctracellular regulated 
kinases (ERKs)i the c-Jun NH2 terminal kinases or stress activated kinases (JNKs or SAP 
kinases); and the p38 kinases, which have a threonine-glycine-tyrosine (TGY) activation 
25 motif. Both the JNKs and p38 MAP kinases are primarily activated by stress stimuli 
including, but not limited to, proinflammatory cj^okines, e.g. tumoin: necrosis factor 
(TNF) and interleukin-1 (IL-1), ultraviolet light, endotoxin and chemical or osmotic 
shock. 

Four isoforms of p38 have been described (p38cc/p/y/5). The human p38a 
30 enzyme was initially identified as a target of cytokine-suppressive anti-inflammatory 
drugs (CSAIDs) and the two isoenzymes found were initially termed CSAID binding 
protein-1 and -2 (CSBP-1 and CSBP-.2 respectively) pLee, J. C. et al. Nature (London), 
1994, 372, 739-46]. CSBP-2 is now widely referred to as p38a and differs from CSBP-1 
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in an interoal sequence of 25 amino acids as a result of differential splicing of two exons 
that are conserved in both mouse and human [McDonnell, P.C. et al. Genomics^ 1995, 
29, 301-2]. CSBP-1 and p38a are eiqnressed ubiquitously and there is no difference 
between the two isoforms with respect to tissue distributioni, activation profile, substrate 
5 preference or CSAID binding. A second isoform is p38p which has 70% identity with 
p38a. A second form of p38P termed p38p2 is also known and of the two this is believed 
to be the major form. p38a and p38p2 are e3q)ressed in many different tissues. However, 
in monocytes and macrophages p38a is the predominant kinase activity [Lee, J.C., ibid; 
Jing, Y. et al, J. Biol Chem., 1996, 271, 10531-34; Hale, KK. et aly J. Tmmun., 1999, 

1 0 162, 4246-52]. p38Y and p388 (also termed SAP kinase-3 and SAP kinase-4 respectively) 
have —63% and --61% homology to p38a respectively. p38y is predominantly expressed 
in skeletal muscle whilst p385 is found in testes, panoreas, prostate, smaU intestine and in 
certain endocrine tissues. 

All p38 homologues and splice variants contain a 12 amino acid activation loop 

15 that includes a Thr-Gly-Tyr motif Dual phosphorylation of both Thr-180 and Tyr-182 in 
the TGY motif by a dual specificity upstream kinase is essential for the activation of p38 
and results in a >1 000-fold increase in specific activity of these enzymes [Doza, Y.N. et 
al, FEBSLett.y 1995, 364, 7095-8012]. This dual phosphorylation is effected by MKK6 
and, under certain conditions, the related enzyme MKK3 [Bnslen, H. et al, J. Biol 

20 Chem.y 1998, 273, 1741-48]. MKK3 and MKK6 belong to a femily of enzymes temied 
MAPKK (mitogen activating protein kinase kinase) which are in turn activated by 
MAPKKK (mitogen activating kinase kinase kinase) otherwise known as MAP3K 

Several MAP3Ks have been identified that are activated by a wide variety of 
stimuli including environmental stress, inflammatory cytokines and other factors. 

25 MEKK4/MTK1 (MAP or ERK kinase kinase/MAP three kinase-1), ASKl (apoptosis 
stimulated kinase) and TAKl (TGF-P-activated kinase) are sonae of the enzymes 
identified as upstream activators of MAPKKs. MEKK4/MTK1 is thought to be activated 
by several GADD-45-like genes that are induced in response to environmental stimuli and 
which eventually lead to p38 activation [Takekawa, M, and Saito, H., Cell, 1998, 95, 521- 

30 30]. TAKl has been shown to activate MKK6 in response to transforming growth fector- 
P (TGF-P). TNF-stimulated activation of p38 is beheved to be mediated by the 
recruitment of TRAF2 (TNF receptor associated fector) and the Fas adaptor protein, 
Daxx, which results in the activation of ASKl and subsequently p38. 
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Several substrates of p38 have been identified including other kinases [e.g. MAPK 
activated protein kinase 2/3/5 (MAPKAP 2/3/5), p38 regulated/activated protein kinase 
(PRAK), MAP kinase-interacting kinase 1/2 (MNKl/2), mitogen- and stress-activated 
protein kinase 1 (MSKl/RLPE) andribosomal S6 kinase-B (RSK-B)], transcription 
5 factors [e.g. activating transcription factor 2/6 (ATF2/6), monocjrte-enhancer fector-2A/C 
(MEF2A/C), C/EBP homologous protein (CHOP), Elkl and Sap-lal] and other 
substrates [e.g. cPLA2, p47phox]. 

MAPKAP K2 is activated by p38 in response to environmental stress. Mice 
engineered to lack MAPKAP K2 do not produce TNF in response to lipopolysaccharide 

1 0 (LPS). Production of several other cytokines such as 11^1 , IL-6, IFN-g and IL-10 is also 
partially inhibited [Kotlyarov, A. et al. Nature Cell Biol, 1999, 1, 94-7]. Further, 
MAPKAP K2 from embryonic stem cells fromp38a null naice was not activated in 
response to stress and these cells did not produce IL-6 in response to IL-1 [Allen, M. et 
al, X Exp. Med., 2000, 191, 859-69]. These results indicate that MAPKAP K2 is not 

1 5 only essential for TNF and H^l production but also for signalling induced by cytokines. 
In addition, MAPKAP K2/3 phosphotylate and thus regulate heat shock proteins HSP 2S 
and HSP 27 which are involved in cytoskeletal reorganization. 

Several small molecule inhibitors of p38 have been reported which inhibit IL-1 
and TNF synthesis in human monocytes at concentrations in the low m-M range [Lee, J.C. 

20 et at, Int J. Immunopharm,, 1988, 10, 835] and exhibit activity in animal models which 
are refractory to cyclooxygenase inhibitors [Lee, XC. et al.. Annals N.Y. Acad. Set, 1993, 
696, 149], In addition, these small molecule inhibitors are known to decrease the 
synthesis of a wide variety of pro-inflammatory proteins including 11^6, IL-8, 
granulocyte/macrophage colony-stimulating factor (GM-CSF) and cyclooxygenase-2 

25 (COX-2). TNF-induced phosphorylation and activation of cytosolic PLA2, TNF-induced 
expression of VCAM-1 on endothelial cells and IL-1 stimulated synthesis of coUagenase 
and stromelysin are also inhibited by such small molecule inhibitors of p38 [Cohen, P., 
Trends Cell Biol, 1997, 7, 353-61]. 

A variety of cells including n^nocytes and naacrophages produce TNF and IL-1 . 

30 Excessive or unregulated TNF production is implicated in a number of disease states 
including Crohn's disease, ulcerative colitis, pyresis, rheumatoid arthritis, rheumatoid 
spondylitis, osteoarthritis, gouty arthritis and other arthritic conditions, toxic shock 
syndronoe, endotoxic shock, sepsis, septic shock, gram negative sepsis, bone resorption 
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diseases, reperfosion injury, graft vs. host reaction, allograft rejection, adult respiratory 
distress syndrome, chronic pulmonary inflanimatoty disease, silicosis, pulmonary 
sarcoidosis, cerebral malaria, scar tissue formation, keloid formation, fever and myalgias 
due to infection, such as influenza, cachexia secondary to acquired immune deficiency 
syndrome (AIDS), cachexia secondary to infection or malignancy, AIDS or AIDS related 
con^lex. 

Excessive or unregulated IL-1 production has been implicated in rheumatoid 
arthritis, osteoarthritis, traumatic arthritis, rubella arthritis, acute synovitis, psoriatic 
arthritis, cachexia, Reiter's syndrome, endotoxemia, toxic shock syndrome, tuberculosis, 
atherosclerosis, muscle degeneration, and other acute or chronic inflammatory diseases 
such as the inflammatory reaction induced by endotoxin or inflammatory bowel disease. 
In addition, IL-1 has been linked to diabetes and pancreatic P cells [Dinarello, C. A., J. 
Clinical Immunology^ 1985, 5, 287-97]. 

IL-8 is a chemotactic factor produced by various ceU types including endothelial 
cells, mononuclear cells, fibroblasts and keratinocytes. IL-1, TNF and LPS all induce the 
production of IL-8 by endothelial cells. In vitro IL-8 has been shown to have a number of 
functions including being a chemoattractant for neutrophils, T-lymphocytes and 
basophils. IL-8 has also been shown to increase the surface expression of Mac- 1 
(CDl lb/CD18) on neutrophils without de novo protein synthesis, which may contribute 
to increased adhesion of neutrophils to vascular endotheUal cells. Many diseases are 
characterised by massive neutrophil infiltration. Histamine release from basophils (in 
both atopic and normal individuals) is induced by IL-8 as is lysozomal enzyme release 
and respiratory burst from neutrophils. 

The central role of DL-l and TNF together with other leukocyte-derived cytokines 
as inoportant and critical inflammatory mediators is well documented. The inhibition of 
these cytokines has been shovm or would be expected to be of benefit in controlling, 
alleviating or reducing many of these disease states. 

The central position that p38 occupies within the cascade of signalling molecules 
mediating extracellular to intracellular signalling, and its influence over not only EL-l, 
TNF and IL-8 production but also the synthesis and/or action of other pro-inflammatory 
protems (e.g. IL-6, GM-CSF, COX-2, coUagenase and stromelysin), make it an attractive 
target for iohibition by small molecule inhibitors with the expectation that such inhibition 
would be a highly effective mechanism for regulating the excessive and destructive 
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activation of the inmniae system. Such an expectation is supported by the potent and 
diverse anti-inflammatoiy activities desaibed for p38 kinase inhibitors [Adams, ibid\ 
Badger et al^ J. Pharmacol Exp. Jher., 1996, 279, 1453-61; Giiswold et aLy Pharmacol. 
Commun., 1996, 7, 323-29]. 
6 Certain iy;^^ -dibenzylated 2-purinones have been described (Andresen et al , 

Tetrahedron, 52, 12979-12992). 

The present invention provides a class of compounds which are potent and 
selective inhibitors of p38 kinase, especially p38a, p38p and p38p2, and splice variants 
thereof The compounds in accordance with the present invention are thus of use in 
1 0 medicine, for example in the prophylaxis and treatment of immune or inflammatoiy 
disorders. 

In addition, the compounds according to tiie present invention may be used as 
pharmacological standards for use in the development of new biological tests and in the 
search for new pharmacological agents. Thus, the conopounds according to this invention 
1 5 naay be useful as radioligands in assays for detecting conqpounds capable of binding to the 
human p38 ^zyme. 

Thus according to one aspect of the invention we provide a conipound of formula 

(1): 




(Alki)„UCyi 



wherein: 

the dashed line joining A and C(R*) is present and represents a bond and A is a 
-N= atom or a -C(R^= group, or the dashed line is absent and A is a -C(R^(R°)- or 
25 .N(R^)- group; 

R*, R^ and R° is each independently a hydrogen or halogen atom or an optionally 
substituted aUcyl, -CN, -C02R^ (where R^ is a hydrogen atom or an optionally substituted 
alkyl group) or -CONR^R^ group (where R^ is a hydrogen atom or an optionally 
substituted alkyl group); 
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R is a hydrogeai atom or an alkyl group; 

X and Y is each a nitrogen atom or a -C(R*)= or -C(A1]<^R^= group [where Alk^ is 
an optionally substituted alkylene, aflcenylene or alkynylene chain and is a hydrogen or 
halogen atom or a -CN, -OR^, -C02R\ -C(X*)R^ (where is an oxygen or sulphur atom), 
5 -Cy^ (where Cy^ is an optionally substituted, saturated or unsaturated non-aromatic 
carbocychc ring optionally containing one or noore -0-, -S-, -NH- or -C(X*)- atoms or 
groups), -NR^*R^ (where R^* and R^, which may be the same or different, is each a 
hydrogen atom or an optionally substituted alkyl or Cy^ group, or together with the nitrogen 
atom to which they are attached form an optionally substituted, saturated or unsaturated 
1 0 cyclicamino ring optionally containing one or more -O- or -S- atoms or -NH- or -CQC)- 
groups), -C(X^)NR^^R^, -S(0)2NR^*R^^ -N(R^^)C(X^)R^ (where R^^ is a hydrogen atom or 
an optionaUy substituted alkyl group), -N(R^^)C(X^)NR^^R^, -N(R^*)S(0)2R^ -N[S(0)2R^]2, 
-N(R^^)S(0)2NR^^R^, -N(R^^)C(0)OR\ -N(R^*)C(NR^)NR^^R^, -C(R^)NOR^ 
.C(NR^)NR^*'R^, -C(X^NR^*t>R^ or -C(0)N(R^^NR^^R^ groiq>]; 
15 L is a -C(0)-, -C(S)- or -C(R^^(R^^- group (where R*^ and R^«, which may be the 

same or different, is each a hydrogen atom or a straight or branched Ci-sallsyl group 
optionally substituted by one, two or three fluorine atonos, or R^^ and R^^ together with the 
carbon atom to which they are attached form a cyclopropyl group), or a -CH2CH2" groupi 
n is zero or the integer 1; 
20 Alk^ is an optionally substituted ahphatic or heteroaliphatic chain; 

is a covalent bond or a linker atom or group; 
Cy^ is an optionally substituted cycloaliphatic, polycycloaliphatic, 
heterocycloaliphatic, polyheterocycloaliphatic, aromatic or heteroaromatic group, or is 
additionally a hydrogen atom when n is the integer 1 and/or is a hnker atom or group; 
25 and 

Ar is an optionally substituted aromatic or heteroaromatic group; 
provided that the conipound of formula (1) is other than 3,7"dibenzyl-3,7-dihydro- 
2iy-purinone; 

and the salts, solvates, hydrates andN-oxides thereof. 
30 The present invention also provides a con[q)ound of formula (1) as depicted above, 

or a salt, solvate, hydrate or iV-oxide thereof, wherein L is a -C(0)-, -C(S)- or 
-C(R*^(R^^- group, and the remaining substituents are as defined above. 
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It will be a|>preciated that compounds of formula (1) inay have one or more chiral 
centres, and exist as enantiomers or diastereonoers. The invention is to be understood to 
extend to all such enantiomers, diastereomers and mixtures thereof, including racemates. 
Formula (1) and the formulae hereinafter are intended to represent all individual isomers 
5 and mixtures thereof, unless stated or shown otherwise. In addition, compounds of 
formula (1) may exist as tautomera, for exaiqple keto (CH2C-0)-enol (CH=CHOH) 
tautomers. Formula (1) and the formulae hereinafter are intended to represent all 
individual tautomers and mixtures thereof, unless stated otherwise. 

The following general terms as used herein in relation to conipounds of the 
1 0 invention and intermediates thereto have the stated meaning below unless specifically 
defined otherwise. 

Thus, as used herein, the term "alkyl" whether present as a group or part of a 
groiqp includes straight or branched Ci^ alkyl groups, for exan^le Ci^ alkyl groups such 
as methyl, ethyl, /i-propyl, isopropyl, n-butyl, sec-hutyl^ isobutyl or /er/-butyl groups. 

1 5 Similarly;, the terms "alkenyF* and "alkynyl" are intended to naean straight or branched 
C2-6 aScenyl or alkynyl groups such as C2.4 alkenyl or €2^ alkynyl groups. 

Optional substituents which may be present on any of these alkyl, alkenyl or 
alkynyl groups include one, two, three or more substituents where each substituent naay be 
the same or different and is selected from a halogen atom and an -OH, -CO2H, -COaR^ 

20 (where R"^ is an optionally substituted straight or branched Ci^ alkyl group), -CONH2, 
-CONHR^ -CON(R^)2, -COR^, Ci^ alkoxy, halo(Ci-6alkoxy), -S(0)R^ -S(0)2R^ Ci^ 
alkylthio, .NH2, -NHR\ -N(R^)2, -S(0)2NH2, -S(0)2NHR^ -S(0)2N(R^)2, -NHC(0)R^ 
-N(R^)C(0)R^ -NHS(0)2R^ -N(R^)S(0)2R^ -NHS(0)2NH2, -NHS(0)2NHR^ 
-NHS(0)2N(RV -N(R^)S(0)2NH2, -N(R*)S(0)2NHR^ or -N(R'^)S(0)2N(R^)2 group. 

25 Where two R^ groiqps are present in a group, these may be the same or different or may be 
joined, together with the N atom to which they are attached, to form a heterocychc ring. 
Such heterocyclic rings noay be optionally intermpted by a further heteroatom or 
heteroatom-containing group selected from -0-, -S-, -NH-, "N(R*)-, -C(0)- and -C(S)- 
groups. Particular exan^les of such heterocyclic rings include piperidinyl, pyrazolidinyl, 

30 noyorphohnyl, thiomorpholinyl, pyrroUdinyl, inaidazoKdinyl or piperazinyl rings. 

The term '^halogen" as used herein is intended to include fluorine, chlorine, 
bromine and iodine atoms. 
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The term "haloalkyl" is intended to include those alkyl groups particularly 
mentioned above substituted by one, two or three of the halogen atoms just described 
Particular exanq)les of such groups include -CF3, -CCI3, -CHF2, -CHCI2, -CH2F and 
-CH2CI groups. Each haloalkyl group may be optionally substituted by one or more 
5 hydroxy groups and the term is to be understood to include such substituted groups, such 
as -C(OH)CF3)2 groups. 

The term "alkoxy" as used herein is intended to include straight or branched Ci^ 
alkoxy, e.g. C1-4 aDcoxy such as methoxy, ethoxy, n-propoxy, isopropoxy, n-butoxy, sec- 
butoxy, isobutoxy and tert-buXoKy. "Haloalkoxy" as used herein includes any of these 
1 0 alkoxy groups substituted by one, two or three halogen atoms as described above. 

Particular exan5}les include -OCF3, -OCCla, -OCHF2, -OCHCI2, -OCH2F and -OCH2CI 
groups. 

As used herein, the term "alkylthio" is intended to include straight or branched 
Ci-6 alkylthio, e.g. alkylthio such as mefhylthio or efhylthio. 
15 WhenAlk^ispresentinconapoundsoffornmla(l)asanoptioiiaUysu 

aliphatic chain it may be an optionally substituted Cmo aliphatic chain. Particular examples 
include optionally substituted straigiht or branched chain alkylene, C2-6 alkenylene and 
alkynylene chains. 

Particular examples of aliphatic chains represented by Alk^ include optionally 
20 substituted -CH2-, -CH2CH2-, -CH(CH3)CH2-, -(CH2)2CH2-, -(CH2)3CH2-, 

-CH(CH3)(CH2)2CH2-, -CH2CH(CH3)CH2-, -C(CH3)2CH2-, -CH2C(CH3)2CH2-, 
-(CH2)2CH(CH3)CH2-, -CH(CH3)CH2CH2-, -CH(CH3)CH2CH(CH3)CH2-, 
>CH2CH(CH3)CH2CH2-, -(CH2)2C(CH3)2CH2-, -(CH2)4CH2-, -(CH2)5CH2-, -CH=-CH-, 
-CH=CHCH2-, -CHzCH^CH-, -CH=CHCH2CH2-, -CH2CH=CHCH2-, -(CH2)2CH=CH-, 
25 -C>C-, -OCCH2-, -CHiC^C-, -OCCH2CH2-, -CH2C^CCH2- and -(CH2)20C- chains. 

Heteroaliphatic chains represented by Alk^ in the con[q)ounds of formula (1) include 
the aliphatic chains just described but with each additionally containing one, two, three or 
four heteroatoms or hetax)aton:>-contatning groups. Particular heteroatoms or groups include 
atoms or groups ll where iJ^^a linker atom or group. Each 1? atom or groiq> may intemipt 
30 the aliphatic group, or n:iay be positioned at its terminal carbon atom to connect the group to 
an adjoining atom or group. Particular exanoples include optionally substituted -L^CKb-, 
.CH2L^ -L^CHCCHa)-, "CH(CH3)L^-, -CH2L^CH2-, -L^CH2CH2-, -L^CH2CH(CH3)-, 
-CH(CH3)CH2L^", -CH2CH2LS -CH2L^CH2CH2-, -CH2L^CH2CH2LS -(CH2)2L^CH2-, 
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-<CH2)3L^CH2-, -L^(CH2)2CH2-, -L^CH2CH=CH-, -CHKJHCHzL^- and -(CH2)2L^C3H2CH2- 
chains. 

When 1? is present in heteroalq>hatic chains as a linker atom or group it may be 

any divalent linking atom or group. Particular examples include -O- or -IS- atoms and 
5 -C(0)-, -C(0)0-, -0C(0)-, -C(S)., -S(0)-, -S(0)2-, -N(R^)- (where is a hydrogen atom 

or a straight or branched alkyl group), -N(R^)0-, -N(R^)NH-, -CON(R^)-, .OC(0)N(R^)-, 

-CSN(R^)-, -N(R')CO-, -N(R^)C(0)0-, -N(R')CS-, -S(0)2N(R^)-, -N(R^)S(0)2-, 

-N(R^)CON(R^)., -N(R^)CSN(R^)- or -N(R^)S02N(R^)- groups. Where iJ contains two 

R^ groups these naay be the same or different. 
1 0 The optioiial suhstituents which may be presmt on ahphatic or heteroahphatic chains 

represented by Alk^ include one, two or three of those optional suhstituents described above 

in relation to the term "alkyl". 

When X or Y in con^unds of the invention contains an Alk^ chain, the chain may 

be an optionally substituted, straight or branched alkylene, C2-6 alkenylene or C2^ 
1 5 aBcynylene chain. Particular chains include those just described above for the chain Alk^. 

Where desired, each chain n^y be substituted by one, two or three suhstituents as described 

forAlk^ 

When a carbocychc non-aronoatic ring Cy^ is present in con^x^unds of formula (1) it 
may be an optionally substituted C3-7 cycloalkyl, C3.7 cycloalkenyl, C3.7 heterocycloalkyl or 

20 C3.7 heterocycloalkenyl ring as generally and particularly described hereinafter in relation to 
the group Cy^, Optional suhstituents, which may be present on any available carbon or 
nitrogen atom in the ring, include those described above in relation to the term "alkyl". 

When -NR'^^R^ is present in compounds of the invention as a cycUcamino ring it 
may be an optionally substituted heterocycloahphatic group, as generally and particularly 

25 described below in relation to the groiqp Cy^, which is attached to the remainder of the 
molecule through a nitrogen atom. Examples include azetidin-l-yl, pyrroUdin-l-yl, 
piperidin-l-yl, homopq)erLdin-l-yl, morpholin-4-yl and piperazin-l-yl, especially pyirolidin- 
1-yL Each ring may be optionally substituted on any available ring carbon or nitrogen atom 
by a substituent selected from those described above in relation to the term "alkyl". 

30 When is present in conq)ounds of formula (1) as a linker atom or group it may 

be any such atom or group as hereinbefore described in relation to linker atonos and 
groups. 
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Optionally substituted cycloaliphatic groiq)s represented by the group Cy^ in 
compounds of the invention inchide optionally substituted C^.io cycloa^hatic groups. 
Particular exan[5)les include optionally substituted C3-10 cycloalkyl, e.g. Q-7 cycloaDcyl, and 
C3-10 (ycloaHcenyl, e.g. C3-7 cycloalkenyl, groups. 
5 Optionally substituted heterocycloaliphatic groups represented by the group Cy^ 

include optionally substituted C3.10 heterocycloaliphatic groups. Particular exaniples 
include optionally substituted C3.10 heterocycloalkyl, e.g. C3-7 heterocycloalkyl, and C3-10 
heterocycloalkenyl, e.g. C3.7 heterocycloalkenyl, groups, each of said groups containing 
one, two, three or four heteroatoms or heteroatom-containing groups tJ in place of or in 
1 0 addition to the ring carbon atoms, where L"* is an atom or group as previously defined for 

Optionally substituted polycycloaliphatic groups represented by the group 
include optionally substituted C7-10 bi- or tricycloalkyl and C7-10 bi- or tricycloalkenyl 
groups. Optionally substituted heteropolycycloaUphatic groups represented by the group 

15 C/ include optionally substituted C7.10 bi- or tricycloalkyl and C7-10 bi- or tricycloalkenyl 
groups containing one, two, three, four or more atonos or groups in place of or in 
addition to the ring carbon atoms. 

Particular examples of cycloaliphatic, polycycloaliphatic, heterocycloaliphatic and 
heteropolycycloaliphatic groups represented by the group Cy^ include optionally 

20 substituted cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl, cycloheptyl, cyclobut-2-en-l- 
yl, cyclopent-2-en-l-yl, cyclopent-3-en-l-yl, adamantyl, norbomyl, norbomenyl, 
dihydrofuryl, tetrahydrofuryl, tetrahydropyranyl, dihydrothienyl, tetrahydrothienyl, 
pyrrolinyl, e.g. 2- or 3-pyrrolinyl, pyrrolidinyl, pyrrolidinonyl, oxazolidinyl, 
oxazolidinonyl, dioxolanyl, e.g. 1,3-dioxolanyl, imidazolinyl, e.g. imidazolin-2-yl, 

25 imidazolidinyl, pyrazolinyl, e.g. pyrazolin-2-yl, pyrazolidinyl, 5,6-dihydro-2(liy)- 
pyrazinonyl, tetrahydropyrimidinyl, thiazolinyl, thiazolidinyl, pyranyl, e.g. 2- or 4- 
pyranyl, pip^dinyl, homopiperidinyl, heptamethyleneiminyl, piperidinonyl, 1,4- 
dioxanyl, morpholinyl, morpholinonyl, 1,4-dithianyl, thiomorpholinyl, pip^razinyl, 
homopiperazinyl, 1,3,5-trifhianyl, oxazinyl, e.g. 2ff-l,3-, 6jy-l,3-, 6fM,2-, 2if-l,2- or 

30 4if-l,4-oxa2inyl, 1,2,5-oxathiazinyl, isoxazinyl, e.g. o- or p-isoxazinyl, oxathiazinyl, e.g. 
1,2,5- or 1,2,6-oxathiazinyl, 1,3,5-oxadiazinyl, dihydroisothiazolyl, dihydroisothiazole 
1,1-dioxide, e.g. 2,3-dihydroisofhiazole 1,1-dioxide, dihydropyrazinyl and 
tetrahydropyrazinyl groups. 
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The optioBal substituents which may be present on the cycloaliphatic, 
polycycloaliphatic, heterocycloal5)hadc or heteropolycycloaliphatic groups rq)resented by 
the group Cy^ include one, two, tiiree or more substituents selected from halogen atoms, 
and Ci^ alkyl, e.g. methyl or ethyl, halo(Ci-6)alkyl, e.g. halomethyl or haloethyl such as 
5 difluoromethyl or trifluoromethyl, optionally substituted by hydroxy, e.g. -C(OH0(CF3)2, 
Ci^ alkoxy, e.g. methoxy or ethoxy, halo(Ci-6)alkoxy, e.g. halomethoxy or haloethoxy 
such as difluoromethoxy or trifluoromethoxy, thiol, alkylthio, e.g. methylthio or 
ethylthio, carbonyl (=0), thiocarbonyl (=S), imino (=NR'**) (where R** is an -OH group or 
a Ci-6 alkyl group) or -(Alk^)vR^ groups, in which Alk^ is a straight or branched C1-3 
1 0 alkylene chain, v is zero or the integer 1, and is a C3-8 cycloalkyl, -OH, -SH, 

-N(R^)(R^) (in which R^ and R^ is each independently selected from a hydrogen atom and 
an optionaUy substituted alkyl or C3.8 cycloalkyl group), -OR^, -SR^ -CN, -NO2, -C02R^, 
-SOR^ -S02R^ -S03R^ -0C02R^ -C(0)R^ -0C(0)R^ -C(S)R^ -C(0)N(R^)(R^), 
-0C(0)N(R^)(R^), -N(R^C(0)R^ -C(S)N(R')(R^), .N(R^)C(S)R^ -S02N(R^)(R^), 
1 5 -N(R^)S02R^ -N(R^C(0)N(R^)(R^) (where R* is as defined for R^, 

-N(R*^C(S)N0El7)(R^) or -N(R^)S02N(R'')(R^) group, or an optionally substituted aromatic 
or heteroaromatic group. 

Particular exan5)les of Alk? chains include -CH2-, -CH2CH2-, -CH2CH2CH2- and 
-CH(CH3)CH2- chains. 
20 When R^, R^, R'^ and/or R^ is present as a C3-8 cycloalkyl group it may be, for 

exanq)le, a cyclopropyl, cyclobutyl, cyclopentyl or cyclohexyl group. Optional 
substituents which may be present on such groups include, for exan5)le, one, two or three 
substituents, which may be the same or different, selected from halogen atoms, for 
example fluorine, chlorine, bromine or iodine atoms, and hydroxy or Ci-6 alkoxy groups, 
25 e.g. methoxy, ethoxy or isopropoxy groups. 

When the groups R^ and R^ or R^ and R^ are both alkyl groups these groups may 
be joined, together with the N atom to which they are attached, to form a heterocyclic 
ring. Such heterocyclic rings may be optionally interrupted by a fiurther heteroatom or 
heteroatomrcontaining group selected from -0-, -S-, -N(R^)-, -C(0)- and -C(S)- groups. 
30 Particular exanq)les of such heterocycUc rings include p5)OTdinyl, pyrazoUdinyl, 
morpholinyl, thiomorpholinyl, pyrrolidinyl, imidazolidinyl and piperazinyl rings. 

When R^ is an optionally substituted aromatic or heteroaronoatic group it naay be any 
such group as described hereinafter in relation to Cy^. 
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Additionally, when the group is a heterocycloaliphatic or 
heteropolycycloaliphatic group containing one or more nitrogen atoms each nitrogen atom 
may be optionally substituted by a group -<L^)p(A]k\R^ in which is a -C(0)-, 
-C(0)0-, "C(S)-, -S(0)2-, -CON(rV or -S02N(R^- group; p is zero or the integer 1; Alk"^ 
5 is an optionally substituted aliphatic or heteroahphatic chain; q is zero or the integer 1 ; 
and is a hydrogen atom or an optionally substituted cycloaliphatic, 
heterocycloaliphatic, polycycloaliphatic, heteropolycycloaliphatic, aromatic or 
heteroaromatic group as herein described in relation to Cy^. 

When Alk"* is present as an aliphatic or heteroahphatic chain it may be, for 

1 0 example, any aliphatic or heteroaliphatic chain as hereinbefore described for Alk^. 

Optionally substituted aromatic groups represented by the group Cy^ include, for 
example, monocycUc and bicycUc fiised ring C6.12 aromatic groups, such as phenyl, 1- or 
2-naphthyl, 1- or 2-tetrahydronaphthyl, indanyl or indenyl groups. 

Heteroaromatic groups re[»:esented by the group Cy^ include, for exan^le, C1.9 

1 5 heteroaromatic groups containing, for exan^le, one, two, three or four heteroatonos 

selected from oxygen, sulphur and nitrogen atoms. La general, the heteroaromatic groups 
may be, for exainple, noonocyclic or bicyclic fused ring heteroaromatic groups. 
Monocyclic heteroaronoatic groups include, for exan^^le, five- or six-membered 
heteroaromatic groups containing one, two, three or four hetCToatonos selected from 

20 oxygen, sulphur and nitrogra atoms. Bicyclic heteroaromatic groups include, for 

example, eight- to thirteen-membered fused ring heteroaromatic groups containing one, 
two or more heteroatoms selected from oxygen, sulphur and nitrogen atoms. 

Particular examples of heteroaromatic groups of these types include pyrrolyl, 
fiiryl, thienyl, imidazolyl, N-(Ci^ a]kyl)imida2olyl, oxazolyl, isoxazolyl, thiazolyl, 

25 isothiazolyl, pyrazolyl, 1,2,3-triazolyl, 1,2,4-triazolyl, 1,2,3-oxadiazolyl, 1,2,5- 

oxadiazolyl, 1,3,4-oxadiazolyl, 1,3,4-thiadiazolyl, pyridinyl, pyrimidinyl, pyridazinyl, 
pyrazinyl, 1,3,5-triazinyl, 1,2,4-triazinyl, 1,2,3-triazinyl, benzofiiryl, (2,3- 
dihydro)benzofuryl, benzothienyl, (2,3-dihydro)benzothienyl, benzotriazolyl, indolyl, 
indolinyl, indazolinyl, benzimidazolyl, imidazo[l,2-a]pyridinyl, benzothiazolyl, 

30 benzoxazolyl, benzisoxazolyl, benzopyranyl, (3,4-dihydro)benzopyranyl, quinazolinyl, 
quinoxalinyl, naphthyridinyl, imidazo[l,5-fl]pyridinyl, imidazo[l,5-a]pyrazinyl, 
unidazo[l,5-c]pyrimidinyl, pyrido[3,4-6]pyridinyl, pyrido[3,2-Z?]pyridinyl, pyrido[4,3- 
fc]pyridinyl, quinoliayl, isoquinohnyl, phthalazinyl, tetrazolyl, 5,6,7,8- 
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tetrahydroquinolmyl, 5,6,7,8-tetrahydroisoqumolinyl, imidyl, e.g. succiniimdyl, 
phthalimidyl or naphtlialiimdyl such as 1,8-naphthaliimdyl, pyrazolo[4,3-c/]pyriimdinyl, 
furo[3,2-d]pyrmiidniyl, tihieno[3,2-d[lpyrirmdmyl, pyrrolo[3,2-<i]pyrimidmyl, 
pyraa)lo[3,2-Z>]pyridinyl, fiiro[3,2-6]pyridinyl, thieno[3,2-6]pyri<iinyl, pyrrolo[3^- 
5 i]pyridinyl, ftiazolo[3,2-a]p)Tidinyl, pyrido[l,2-a]pyrimidinyl, tetra]iydroiniidazo[l^- 
ajpyrimidinyl and dihydroiinidazo[l,2-fli]pyrimidinyl groups. 

Optional substituents which may be present on aromatic or heteroaromatic groups 
represented by the group Cy^ include one, two, three or more substituents, each selected 
from an atom or group in which is R^"" or -L''Alk^(R^°*)r, where R^"'' is a halogen 

1 0 atom, or an amino (-NH2), substituted amino, nitro, cyano, hydroxy (-OH), substituted 
hydroxy, formyl, carbojQ^ (-CO2H), esterified carboxy, thiol (-SH), substituted thiol, 
-cor" (where R" is an -L*A1]^(R"% aryl or heteroaryl group), -CSR", -SO3H, 
-SOR", -SO2R", -SQ3R", -SO2NH2, -SO2NHR", -S02N(R")2, -COlfflb, -CSNH2, 
-CONEiLR", -CSNHR", -CON(R")2, -CSN(R")2, -N(R^^)S02R" (where R" is a 

1 5 hydrogen atom or a straight or branched alkyl group), -N(S02R")2, -N(R")S02NH2, 
-N(R^^)S02NHR", -N(R^)S02N(R")2, -N(R")C0R", -N(R")C0]SIH2, 
-N(R*^)C01SIHR", -N(R*^)C0N(R")2, -N(R^^)CSNH2, -N(R")CSNHR", 
-N(R*^)CSN(R")2, -N(R*^)CSR", -N(R^)C(0)0R", -S02NHet^ (where -NHet^ is an 
optionally substituted C5.7 cycKc amino group optionally containing one or more other 

20 -O- or -S- atoms or -N(R^2)-, -C(0)- or -C(S)- groups), -CONHet\ -CSNHet^ 

-N(R^^)S02NHetS -N(R^^)CONHet\ -N(R^')CSNHet\ -S02N(R^^)Het^ (where -Het^ is 
an optionally substituted monocyclic C5-7 carbocycUc group optionally containing one or 
more other -O- or -S- atoms or -N(R^')-, -C(0)-, -S(0)- or -8(0)2- groups), -Het^, 
-CON(R^^)Het^ -CSN(R")Het^, -N(R^^)C0N(R^^)Het^ -N(R^^)CSN(R^^)Het^ 

25 -NCR.^^)S02N(R^^)Het?, aryl or heteroaiyl group; is a covalent bond or a linker atom or 
groiq) as hereinbefore defined for L^; Alk^ is an optionally substituted straight or 
branched Ci^ alkylene, Cz^ alkenylene or €2^ alkynylene chain, optionally interrupted by 
one, two or three -O- or -S- atoms or -S(0)-, -S(0)2- or -N(R^^)-, e.g. -N(CH3)-, groups; 
and r is zero or the integer l,2,or3. It will be appreciated that when two R" or R^ 

30 groups are presrait in one of the above substitoeots the R" and R^^ groitps may be the 
sanoe or different. 

"When in the groiq) -lfAa^(B}°\ r is an integer 1 , 2 or 3, it is to be understood that 
the substituent or substituents R may be present on any suitable carbon atom in 
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Where more than one R^*^* substituent is present these may be the same or different and may 
be present on the same atom or on different atoms in ADs^. Clearly, when r is zero and no 
substituent R^^* is present the alkylene, alkenylene or alkynylene chain represented by Alk^ 
becomes an alkyl, aBcenyl or alkynyl group. 
5 When R^^ is a substituted amino group it may be, for example, a group -NHR^ ^ 

(where R^^ is as defined above) or a group -N(R^% wherein each R^^ groiq> is the saatne or 
different 

When R^^ is a halogen atom it may be, for Gxaasplc, a fluorine, chlorine, bromine or 
iodine atom. 

1 0 When R^°^ is a substituted hydro^gr or substituted thiol group it may be, for example, 

a group -OR^^ or -SR^^ respectively. 

EstCTified carboxy groups represented by the group R^^* include groups of formula 
-COzAlk^ wherein Alk^ is a straight or branched, optionally substituted Ci^ alkyl group such 
as a methyl, ethyl, n-propyl, isopropyl, n-butyl, isobutyl, ^ec-butyl or <er^-butyl group; a C6-12 
1 5 aryl(Ci^ alkyQ group such as an optionally substituted benzyl, phenylethyl, phenylpropyl, 1- 
naphthyhnefhyl or 2-n£5)hthyhnethyl group; a Ce-n aryl group such as an optionally 
substituted phenyl, l-n£?)hthyl or 2-naphthyl groiq); a Ce-n aryloxy(Ci^ alkyl) group such as 
an optionally substituted phenoxymethyl, pheno3cyetbyl, 1-naphthyloxymethyl or 2- 
naphthyloxymethyl group; an optionally substituted Ci-g alkanoyloxy(Ci-8 alkyl) group, such 
20 as a pivaloyloxymethyl, propionyloxyethyl or propionyloxypropyl group; or a C6-12 
aroyloxy(Ci^ alkyl) group such as an optionally substituted ben2X)yloxyethyl or 
benzoyloxypropyl group. Optional substituents present on the Alk^ group include R^^^ atoms 
and groups as described above. 

When Alk^ is present in or as a substituent it may be, for example, a -CH2-, 
25 -CH(CH3)-, -C(CH3)2-, -CH2CH2-, -CH2CH2CH2-, -CH(CH3)CH2-, -CH2CH2CH2CH2-, 
-CH2CH(CH3)CH2-, -CH(CH3)CH2CH2-, -C(CH3)2CH2-, ^CH-CH-, -CH-CHCH2-, 
-CH2CH=CH-, -CH=CHCH2CH2-, -CH2CH=CHCH2-, -CH2CH2CH=CH-, -OC-, 
-OCCH2-, -CH2OC-, -OCCH2CH2-, -CH2OCCH2- or -CH2CH2OC- chain, optionally 
interrupted by one, two or three -O- or -S- atontjs or -S(0)-, -8(0)2- or -N(R*^)-, e.g. 
30 -N(CHb)-, groups. The alq>hatic chains represented by All^ may be optionally substituted by 
one, two or three halogen atorm in addition to any R^^* groups that may be present. 

Aryl or hetoroaryl groups represented by the groups R^^ or R^^ include noono- and 
bicychc optionally substituted C6.12 aronMtic or Ci.9heteroaiomatic groups as described 
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above for the group Cy^. The aromatic and heteroaromatic groiq)s may be attached to the 
group Cy^ ia confounds of formula (1) by any carbon atom or heta^oatom, e.g. nitrogen 
atom, as appropriate. 

It will be ^>preciated that when -NHet^ or -Het^ forms part of a substituent the 
5 heteroatoms or heteroatom-containing gjcoups that noay be present within the ring -NHet^ or 
-Het? take the place of carbon atoms within the parent carbocyclic ring. 

Thus, when -NHet^ or -Hel? fomtis part of a substituent R^^ each may be, for 
exanatple, an optionally substituted pyrroUdiayl, imidazolidinyl, pyrazolidinyl, piperazinyl, 
morpholinyl, thiomorpholinyl, piperidinyl or thiazolidinyl group. Additionally, -Het^ may 

1 0 represent, for example, an optionally substituted cyclopentyl or cyclohexyl group. Optional 
substituents which may be present on -NHet^ include those substituents described above 
when Cy^ is a heterocycloaliphatic group. 

Particularly useful atoms or groiq}s represented by R^^ include fluorine, chlorine, 
bromine or iodine atoms, and Ci^ alkyl, e.g. methyl, ethyl, n-propyl, isopropyl, n-butyl or 

1 5 tert-butyl, optionally substituted phenyl, pyridinyl, pyrimidinyl, pyrrolyl, fiiryl, thiazolyl or 
tirienyl, Ci-6 hydroxyalkyl, e.g. hydroxymethyl or hydroxyethyl, carboxy(Ci^ alkyl), e.g. 
carboxyethyl, Ci^ alkylthio, e.g. methylthio or ethylthio, carbo3iy(Ci^ a]kyl)thio, e.g. 
carboxymethylthio, 2-carboxyethylthio or 3-carboxypropyKhio, aUcoxy, e.g. methoxy or 
ethoxy, hydroxy(Ci^ alkoxy), e.g. 2-hydroxyethoxy, optionally substituted phmoxy, 

20 pyridinyloxy, thiazolyloxy, phenylthio or pyridinylthio, C3.7 cycloaDcyl, e.g. cyclobutyl or 
cyclopentyl, Cs.7 cycloalkoxy, e.g. cyclopentyloxy, halo(Ci^ alkyl), e.g. trifluoromethyl, 
halo(Ci.^ alkoxy), e.g. trifluoromethoxy, alkylamino, e.g. methylamino, ethylamino, 
^CH(CH3)NH2 or •-C(CH3)2NH2, halo(Ci^ a]kyl)amino, e.g. fluoro(Ci.6 alkyl)amino such as 
-CH(CF3)NH2 or -C(CF3)2NH2, amino (-NH2), amino(Ci^ alkyl), e.g. aminomethyl or 

25 aminoethyl, di(Ci^ alkyl)amino, e.g. dimethylanaino or diefhylamino, d.^ alkylamino(Ci^ 
alkyl), e.g. ethylaminoethyl, di-(Ci^ alkyl)amino(Ci^ alkyl), e.g. diethylaminoethyl, 
amino(Ci.6 alkoxy), e.g. aminoethoxy, Ci-6 alkylanaino(Ci^ alkoxy), e.g, methylaminoethoxy, 
di(Ci.6 alkyl)axnino(Ci^ alkoxy), e.g. dimethylaminoethoxy, diethylaminoethoxy, 
diisopropylanmnoethoxy or dimethylaminopropoxy, imido, such as phthalimido or 

30 naphthalimido, e.g. l,8.n^hfhalinaido, nitro, cyano, hydroxy (-0H), finmyl [HC(0)-], 
carboxy (-CO2H), -C02Alk^ (where ABc^ is as defined above), Ci^ alkauoyl, e.g. acetyl, 
optionally substituted benzoyl, thiol (-SH), thio(Ci.6 alkyl), e.g. thiomethyl or thioethyl, 
su^honyl (-SO3H), Ci^ alkylsulphonyl, e.g. methylsulphonyl, aminosulphonyl (-SC)2NH2), 
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Ci-6 alkylaminosulphonyl, e.g. inethylaminosul^honyl or ethylaimnosu^honyl, di(Ci^ 
alkyQambosu^honyl, e.g. dimethylaminosulphoiiyl or diethylammosu^honyl, 
phenylaminosulphonyl, carboxamido (-CONH2), Ci^ allqrlaininocarbonyl, e.g. 
mefhylaminocarbonyl or efhylanunocarbonyl, di(Ci.^ alkyl)ammocarbonyl, e.g. 
5 drniethylaminocarbonyl or diethylasoinocarbonyl, animo(Ci-6 alkyl)anrinocarbonyl, e.g. 
aininoethylaminocarbonyl, di(CM a]kyl)ainino(Ci-6 a]kyl)aiiiinocarbonyl, e.g. 
diethylaminoethylaminocarbonyl, arrunocarbonylamino, Ci^ alkylairdnocarbonylaiiiino, e.g. 
methylaminocarbonylaiimio or ethylaminocarbonylainiiio, di(Ci^ 
alkyl)aminocarbonylaiiiino, e.g. dimethylarninocarbonylamino or 

1 0 diethylaimnocarbonylamino, Ci-6 a]kylanmiocarbonyl(Ci^ aIkyl)aiimio, e.g. 
nielJiylaminocarbonylmethyl^^ aminotMocarbonylainino, Ci^ 
alkylaminothiocarbonylaniino, e.g. iiiethylarDinolMocarbonylaiiuno or 
ethylaiiiinofhiocarboiiylanimo, di(Ci^ alkylaminofhiocarbonylairimo, e.g. 
dimetbylaniinotbiocarbonylai^ or diethylaniinothiocarbonylanm^ Ct^ 

1 5 alkylamiiiothiocarbonyl(Ci^ aIlcyI)anMno, e.g. ethylaiiiinolMocarbonylmeth^ 
-CONHCX=NH)NH2, Ci^ alkylsiilphonylanmio, e.g. melhylsulphonylamino or 
efhylsulphonylainino, di(Ci^ alkyQsulplionylanmio, e.g. dimethylsulphoiiylaiiimo or 
(fiethylsulphonylaiirino, optionally substituted phenylsulphonylainiiio, aminosulphonylaiimio 
(-ISIHSO2NH2), Cms alkylaminosulphonylanamo, e.g. iiiethylaimnosulphonylainino or 

20 ethylaminosulphonylamirio, di(Ci-6 alkyl)aiiiinosulphonylaimno, e.g. dimethylamino- 
sulphonylamino or diethylainmosulphonylamino, optionally substituted 
moipholinylsulphonylamino or morpliolinylsulplionyl(Ci^ alkyl)amino, optionally 
substituted phenylaminosulphonylanaino, Cm$ alkanoylamino, e.g. acetylamino, amino(Ci-6 
a]kanoyl)amino, e.g. aininoacetylamino, di(Ci-6 alkyl)ammo(Ci.^ a]kanoyl)anQino, e.g. 

25 dimethylairdnoacetylamino, alkauoylammo(Ci-6 alkyl), e.g. acetylaminomethyl, 

a]kanoylaniino(Ci^ a]kyl)anmLO, e.g. acetaiindoethylainmo, alko^Q/^carbonylamino, e.g. 
niethoxycarbonylamiao, etbosycarbonylanmno or ter^-butoxycarbonylannno, or optionally 
substituted benzylo^, pyridiuyhnefhoxy, thiazolylmethoxy, benzyloxycarbonylamino, 
benzyloxycarbonylaniino(Ci^ alkyl), e.g. benzyloxycarbonylarninoethyl, benzothio, 

30 pyridinylmethylthio or thiazolylmethylthio groups. 

A further particularly useful group of substituents represented by R^*^ when present on 
aromatic or heteroaromatic groups includes substituents of formula -L^Alk^R^*^* where is 
preferably a covalent bond, an -O- or -S- atom or a -N(R^)-, -C(0)-, -C(0)0-, -0C(0>, 
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-N(R^)CO-, -CON(R^)- or -N(R^)S(0)2- group; Alk^ is an optionaUy substituted Ci^ alkylene 
group optionally interrupted by one or two -O- or -S- atoms or -N(R^)-, -C(0)-, -C(S)-, 
-CON(R^^- or -N(R^CO- groups; and R^°* is an optionally substituted -Het^ groiQ) as horein 
defined or an optionally substituted heteroaromatic gcovp as hereinbefore described in 
5 relation to 

Where desired, two R^^ substituents may be linked together to form a cyclic group 
such as a cychc ether, e.g. a Ci^ alkylenedioxy group such as methylenedioxy or 
ethylenedioxy. 

It will be appreciated that where two or more R^^ substituents are present, these 
1 0 need not necessarily be the same atoms and/or groups. In general, the substituent(s) may 
be present at any available ring position on the aromatic or heteroaromatic group 
represented by the group Cy^. 

As used above, the terms "alkylamino" and "dialkylamino" are intended to 
include the groups -NHR^^ and -NCR^^XR^"^) respectively, where R^^ and R^"* is each 
1 5 independently an optionally substituted straight or branched alkyl group or both together 
with the N atom to which ih&y are attached form an optionally substituted 
heterocycloalkyl group which may contain a further heteroatom or heteroatomrcontaining 
group such as an -O- or -S- atom or an -N(R^)- group. Particular exan^les of such 
OptionaUy substituted heterocycloalkyl groups include optionally substituted pyrrohdinyl, 
20 pipOTdinyl, morpholinyl, thiomorpholinyl and7/-(Ci-6 alkyl)piperazinyl groups. The 

optional substituents which may be present on such heterocycloalkyl groups include those 
optional substituents as described hereinafter in relation to aliphatic chains such as AIk\ 
The optionally substituted aromatic or heteroaromatic group represented by Ar in 
conq)oiinds of the invention may be any aromatic or heteroaromatic group as hereinbefore 
25 generally or particularly described for Cy^. Optional substituents which may be present 
include those R^^ atoms and groups as generally or particularly described in relation to 
Cy^ aromatic and heteroaromatic groups. 

Suitable values of R® in the compounds of formula (1) above include hydrogen, 
-CN, -CORS -C02R\ -CONR^'^R^ -S(0)2NR^''R^, -CONR^m^ and 
30 -C(0)N(R^'')NR^''R^. 

Suitably, R^ represents methyl, ethyl or trifluoromethyL In one embodiment, li} is 
ethyl. In another embodiment, R^ is trifluoromethyL 

Suitable values of R^* include hydrogen and methyl. 
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Suitable values of include hydrogen and methyl 

In a typical embodiment, R^* and R^* together represent -(CH2)4-. In another 
embodiment, R^* and R^ together represent -CH(CH20H)(CH2)3-. 

Typically, R^^ is hydrogen. 
5 Detailed values of R* include hydrogen, cyano, trifluoroacetyl, ethoxycarbonyl, 

aminocarbonyl, methylaminocarbonyl, dimethylaminocarbonyl, pyrrolidinylcarbonyl, 
hydroxymethyl-pyrrolidinylcarbonyl, pyrrolidinylsulphonyl, (iV-methoxy)(iV-methyl)- 
aminocarbonyl and hydrazinocarbonyl. 

In general, in compounds of formula (1) X and Y is each preferably a -C(RO= or 
1 0 -C(Alk^R^= group. R® in these compounds is especially a hydrogen atom or a 

-CONR^^R^* or -S(0)2NR^*R^* group. Alk^ when present is in particular a -CH2- or 
-(CH2)2- chain. 

In one preference, X is a -CH= group and Y is a -C(R*)= or -C(Alk^R*)= group, 
especially where R*" is a hydrogen atom or a -CONR^^'R^ or -S(0)2NR^*'R^ group and 

1 5 Aft? is a -CH2- or -{CVLzh' chain. 

In one group of conopounds of fomiula (1) the bond represented by the dashed line 
is present and A is a -C(R^- group. In these contjpounds R** is preferably a hydrogen 
atom or a Ci^ alkyl group, especially a methyl, ethyl, n-propyl or isopropyl group. More 
particularly, R^ is a methyl group or more especially a hydrogen atom. 

20 One particularly useful class of compounds according to the invention has the 

formula (1) wherein A, X and Y is each a -CH= group and R\ ADcS n, L^, Cy\ L and Ar 
are as generally or particularly defined herein; and the salts, solvates, hydrates and A^- 
oxides thereof 

In general, in conopounds of formula (1) R* is preferably a hydrogen atom or a C1-4 
25 alkyl group, especially a methyl, ethyl, n-propyl or isopropyl group. In particular, R* is a 
methyl group or more especially a hydrogen atonx 

When in compounds of formula (1) n is the integer 1, Alk^ is preferably an 
optionally substituted Ci^ alkylene chain, especially an optionally substituted -CH2-, 
-CH2CH2-, -CH2CH2CH2-, -CH(CH3)CH2- or -CH2CH(CH3)- chain, more especially a 
30 -CH2- or -CH2CH2- chain, and most especially a -CH2- cham. 

In one class of compounds of formula (1) n is zero. 

The group in compounds of formula (1) is preferably a covalent bond, an -O- 
or -S- atom or m -N(R^)-, especially -NH- or -N(CH3)-, -C(0)-, -C(S)-, -S(0)- or -8(0)2- 
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group. More particularly, is a covalent bond, an -O- or -S- atom or a -NH- group. L 
is most preferably a covalent bond. 

Cy^ in confounds of formula (1) is prefisrably an optionally substituted 
cycloaliphatic, aromatic or heteroaromatic group as hereinbefore generally and 
particularly defined. 

Particularly preferred Cy^ optionally substituted cycloaliphatic groups include 
optionally substituted C3-7 cycloalkyl groups, especially cyclopropyl, cyclobutyl, 
cyclopentyl or cyclohexyl groups. 

Particularly preferred optional substituents which may be present on Cy^ 
optionally substituted cycloaliphatic groups include halogen atoms, especially fluorine, 
chlorine or bromine atoms, Ci-6 alkyl groups, especially C1-3 alkyl groups, most especially 
a nciethyl group, halo(Ci^ alkyl) groups, especially fluoro(Ci^ alkyl) groups, most 
especially a -CF3 group, Ci-6 alkoxy groups, especially a methoxy, ethojy, propoxy or 
isopropoxy group, andhalo(Ci-6 alkoxy) groups, especially fluoro(Ci^ alkoxy) groups, 
most especially a -OCF3 group, or a cyano (-CN), esterified carboxy, especially -CO2CH3 
or -C02C(CH3)3, niteo (-NO2), amino (-NH2), substituted ammo, especially -NHCH3 or 
.N(CH3)2, -C(0)R^ especiaUy -C(0)CH3, or -N(R^)C(0)R^, especially -NHCOCH3, 
group. 

Particularly preferred Cy^ aromatic groups include optionally substituted phenyl 
groups. Particularly preferred heteroaromatic groups include optionally substituted 
monocyclic heteroaromatic groups, especially optionally substituted five- or six- 
membered heteroaromatic groups containing one, two, three or four heteroatoms selected 
from oxygen, sulphur and nitrogen atoms. Particularly preferred optionally substituted 
monocyclic heteroaromatic groups include optionally substituted furyl, ttdenyl, pyrrolyl, 
oxazolyl, thiazolyl, pyridinyl, pyrimidinyl and triazinyl groups. 

Particularly preferred optional substituents which may be present on Cy^ aromatic 
or heteroaronoatic groups include atoms or groups -R^*'* and -L^Alk^(R^°*)r as hereinbefore 
defined. Particularly useful optional substituents include halogen atoms, especially 
fluorine, chlorine or bromine atoms, Ci^ dSkyl groups, especially Ci^ alkyl groups, most 
especially a methyl group, halo(Ci^ alkyl) groups, especially fluoroCQ^ aDcyl) groups, 
most especially a -CF3 group, Ci^ alkoxy groups, especially a methoxy, ethoxy, n- 
propoxy or isopropoxy group, and halo(Ci-6 alkoxy) groups, especially fluoro(Ci^ 
alkoxy) groups, most especially a -OCF3 group, or a cyano (-CN)» carboxy (-CO2H), 
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esterified carboxy (-COzAlk^), especially -CO2CH3, -CO2CH2CH3 or -C02C(CBb)3, nitro 
(-NO2), amino (-NH2), substituted amino, especially -NHCHb or -N(CH3)2, -COR", 
especially -COCH3, or -N(R^^)C0R", especially -NHCOCH3, group. 

Further preferred optional substituents which may be present on Cy^ aromatic or 



1; is a covalent bond, an -O- or -S- atom, or a -N(R^)-, especially -NH- or -N(CH3)-, 
-C(0)-, -C(S)-, -C(0)0-, -0C(0)-, -N(R^)CO-, especially -NHCO-, or -CON(R^)-, 
especially -CONH-, group; Alk^ is a Ci-6 alkylene chain, especially a -CH2-, -CH2CH2-, 
-CH2CH2CH2- or -CH2CH2CH2CH2- chain; and R^^* is a substituted hydroxy group, 

10 especially a -OCH3, -OCH2CH3 or -OCH(CH3)2 group, a substituted amino group, 

especially a -N(CH3)2 or -N(CH2CH3)2 group, or a-Hel? group, especially an optionally 
substituted monocyclic C5-7 carbocyclic group containing one, two or three -0-, -S-, 
-N(R^^)-, especially -NH- or -N(CH3)-, or -C(0)- groups within the ring structure as 
previously described, most especially an optionally substituted pyrrolidinyl, 

1 5 imidazolidinyl, piperidinyl, e.g. iV'-methylpiperidinyl, morpholinyl, thiomorpholinyl or 
piperazinyl group, or R^®* is an optionally substituted hetaroaronoiatic group, especially a 
five- or six-membered monocyclic heteroaromatic group containing one, two, three or 
four heteroatoms selected from oxygen, sulphur and nitrogen atoms, such as an optionally 
substituted pyrrolyl, furyl, thienyl, imidazolyl, triazolyl, pyridinyl, pyrimidinyl, triazinyl, 

20 pyridazinyl or pyrazinyl group. Particularly preferred optional substituents on the -Het^ 
groups just described include hydroxy (-OH) and carboxy (-CO2H) groups or those 
preferred optional substituents just described in relation to the group Cy^. 

In one particularly preferred group of compounds of formula (1) Cy^ is an 
optionally substituted phenyl group, especially a phenyl group optionally substituted by 

25 one, two or three optional substituents where at least one, and preferably two, optional 
substituents are located ortho to the bond joining to the remainder of the conopound 
of formula (1). Particularly preferred ortfio substituents include halogen atonM, especially 
fluorine or chlorine atoms, C1.3 allq^l groups, especially methyl,Ci.3 alkoxy groups, 
especially ms&ioxy, halo(Ci^ alkyl) groups, especially -CF3, halo(Ci-3 alkoxy) groups, 

30 especially -OCF3, and cyano (-CN) groups. In this class of compounds a second or third 
optional substituent when present in a position other than the ortho positions of the ring 
Cy^ may be preferably an atom or group -R^^* or -L^Alk^(R^^*)r as herein generally and 
particularly described 



5 heteroaromatic groups include groups of formula -L 



,^Alk^(R^% in which r is the integer 
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Particular optional substituents on Cy^ include Ci^ alkyl and Ci^ a]koxy. Specific 
optional substituents on Cy^ include methyl and methoxy. 

Specific values of Cy^ include phenyl, methylphenyl (especially 4-methylphenyl), 
mefhoxyphenyl (especially 4-methoxyphenyl), thienyl (especially thien-3-yl) and indolyl 
5 (especially indol-5-yl). 

Particularly preferred Ar aromatic groups in con^oimds of formula (1) include 
optionally substituted phenyl groups. Particularly preferred heteroaromatic groups 
include optionally substituted monocyclic heteroaromatic groups, especially optionally 
substituted five- or six-membered heteroaromatic groups containing one, two, three or 
1 0 four heteroatoms selected fi-om oxygen, sulphur and nitrogen atoms. Particularly 

preferred optionally substituted monocyclic heteroaromatic groups include optionally 
substituted fiiryl, thienyl, pyrrolyl, oxazolyl, thiazolyl, pyridinyl, pyrimidinyl or triazinyl 
groups. 

Particularly preferred optional substituents which noay be present on Ar aromatic 

15 or heteroaromatic groups include atoms or groups -R^°* or -L^Alk^(R^^*)r as hereinbefore 
defined. Particularly useful optional substituents include halogen atones, especially 
fluorine, chlorine or bromine atoms, Ci^ alkyl groups, especially C1.3 alkyl groups, most 
especially a methyl group, halo(Ci-6 aDcyl) groups, especially fluoro(Ci-6 aJkyl) groups, 
most especially a -CF3 group, alkoxy groups, especially a methoxy, ethoxy, n- 

20 propoxy or isopropoxy group, and halo(Ci-6 alkoxy) groups, especially fluoro(Ci-6 
alkoxy) groups, most especially a -OCF3 group, or a cyano (-CN), esterified carboxy, 
especially -COaCHa or -C02C(CH3)3, nitro (-NO2), amino (-NH2), substituted amino, 
especiaUy .NHCH3 or -N(CH3)2, -COR^S especially -COCH3, or -N(R^^)COR^\ 
especially -NHCOCH3, group. 

25 Particularly useful Ar groups in con^^ounds of formula (1) include phenyl and 

mono- or disubstituted phenyl groups in which each substituent is ni particular a -R^^* or 
-L^Alk^(R^'^*)r atom or group as just defined and is especially a halogen atom or a C1-3 
alkyl, C1.3 alkoxy or -CN group. 

Suitable values of Ar include phenyl, pyridinyl, thienyl and benzothienyl, any of 

30 which groups naay be optionally substituted by one or more, typically by one or two, 
substituents. Bxsanpl&s of typical optional substituents which may be present on Ar 
include halogen (especially fluoro or chloro), cyano, Ci-6 alkyl (especially methyl), Ci-6 
alkoxy (especially methoxy) and nitro. 
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Detailed values of Ar inchide phenyl, fluorophenyl, difluoropheayl, chlorophenyl, 
dichlorophenyl, (chloro)(fluoix>)plieoyl, cyanophenyl, methylphenyl, (fhioro)(methyl)- 
phenyl, methoxyphenyl, nitrophenyl, pyridinyl, chlorothienyl andbeixzothienyl. 

Suitably, R^® represents hydrogen or naethyl, especially hydrogen Suitably, R^^ 
5 represents hydrogen. 



described in the Examples hereinafter, and the salts, solvates, hydrates and iV^oxides 
thereof 

Conopounds according to the invention, including 3,7-dibenzyl-l,7-dihydro-2if- 
purinone, are potent and selective inhibitors of p38 kinases, including all isoforms and 

1 5 spUce variants thereof More specdfically, the corrq^ounds of the invention are inhibitors 
of p38a, p38p and p38P2. The ability of the conipounds to act in this way may be simply 
detemiined by employing tests such as those described in the Examples hereinafter. 

The conq)ounds of formula (1) and 3,7-dibeiizyl-l,7-dihydro-2Jy-purinone are of 
use in modulating the activity of p38 kinases and in particular are of use in the 

20 prophylaxis and treatment of any p38 kinase mediated diseases or disorders in a human or 
other mammal. The invention extends to such a use and to the use of the connpounds for 
the manufacture of a medicament for treating such diseases or disorders. Furthermore, 
the invention extends to the administration to a human of an effective amoxmt of a p38 
inhibitor for treating any such disease or disorder. 

25 The invention also extends to the prophylaxis or treatment of any disease or 

disorder in which p38 kinase plays a role including conditions caused by excessive or 
unregulated pro-inflanomatory cytokine production, including for example excessive or 
unregulated TNF, n>-l, 11^6 and IL-8 production in a human or other mammal. The 
invention extends to such a use and to the use of the conopounds for the manufacture of a 

30 medicament for treating such cytokine-mediated diseases or disorders. Furthermore, the 
invention extends to the adnoinistration to a human of an effective amount of a p38 
inhibitor for treating any such disease or disorder. 



10 



In general, in conq>ounds of formula (1) L is preferably a -CH2- group. 

In another embodiment, L is a -CH(CH3)- group. 

la a ftirther embodiment, L is a -C(0)- group. 

In an additional embodiment, L is a -CH2CH2- group. 

ParticTilarly useful compounds of the invention include each of the compounds 
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Diseases or disorders in which p38 kinase plays a role either directly or via pro- 
inflammatory cytokines including the cytokines TNP, DL-l, IL-6 and IL-8 include without 
limitation autoimmune diseases, inflammatory diseases, destructive-bone disorders, 
proliferative disorders, neurodegenerative disorders, viral diseases, allergies, infectious 
5 diseases, heart attacks, angiogCTdc disorders, reperfiusion/ischenaia in stroke, vascular 
hyperplasia, organ hypoxia, cardiac hypertrophy, thrombin-induced platelet aggregation 
and conditions associated with prostaglandin endoperoxidase synthetase-2 (COX-2). 

Autoimmune diseases which may be prevented or treated include but are not 
limited to rheumatoid arthritis, inflammatory bowel disease, ulcerative colitis, Crohn's 
10 disease, multiple sclerosis, diabetes, glomerulonephritis, systemic lupus erythematosus, 
scleroderma, chronic thyroiditis. Grave's disease, hemolytic anemia, autoimmune 
gastritis, autoimmune neutropenia, thrombocytopenia, chronic active hepatitis, 
myasthenia gravis, atopic dermatitis, graft vs host disease and psoriasis. 

The invention further extends to the particular autoimmune disease rheumatoid 
15 arthritis. 

Inflammatory diseases which may be prevented or treated include but are not 
limited to asthma, allergies, respiratory distress syndrome, and acute or chronic . 
pancreatitis. 

Destructive bone disorders which may be prevented or treated include but are not 
20 limited to osteoporosis, osteoarthritis and multiple myeloma-related bone disorder. 

Proliferative diseases which may be prevented or treated include but are not 
limited to acute or chronic myelogenous leukemia, Kaposi's sarcoma, metastatic 
melanoma and multiple myeloma. 

Neurodegenerative diseases which may be prevented or treated include but are not 
25 limited to Parkinson's disease, Alzheimer's disease, cerebral ischemias and 
neurodegenerative disease caused by traumatic injury. 

Viral diseases which may be prevented or treated include but are not limited to 
acute hepatitis infection (including hqpatitis A, hepatitis B and hepatitis C), HIV infection 
and CMV retinitis. 

30 Lifectious diseases which may be prevented or treated include but are not limited 

to septic shock, sepsis and Shigellosis. 

In addition, p38 inhibitors of this invention exhibit inhibition of expression of 
inducible pro-inflammatory proteins such as prostaglandin endoperoxidase synthetase-2. 
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otherwise known as cyclooxygenase-2 (COX-2), and are therefore of use in therapy. Pro- 
inflammatory mediators of the cyclooxygenase pathway derived from arachidonic acid 
are produced by inducible COX-2 enzyme. Regulation of COX-2 would regulate these 
pro-inflammatory mediators such as prostaglandins, which affect a wide variety of cells 
5 and are important and critical inflammatory mediators of a wide variety of disease states 
and conditions. In particular, these inflammatory mediators have been iniplicated in pain, 
such as in the sensitization of pain receptors, or edema. Accordingly, additional p38- 
mediated conditions which may be prevented or treated include edema, analgesia, fever 
and pain such as neuromuscular pain, headache, dental pain, arthritis pain and pain caused 
10 by cancer. 

More particularly, as a result of iheir p38 inhibitory activity, compounds of the 
invention have utility in the prevention and treatment of diseases associated with cytokine 
production including but not limited to those diseases associated with TNF, IL-1, IL-6 
and 11^8 production. 

1 5 Thus, TKF-mediated diseases or conditions include for exao^le rheumatoid 

arthritis, rheumatoid spondylitis, osteoarthritis, gouty arthritis and other arthritic 
conditions, sepsis, septic shock syndrome, adult respiratory distress syndrome, cerebral 
noalaria, chronic pulmonary inflammatory disease, silicosis, pulmonary sarcoidosis, bone 
resportion disease, reperfiision injury, graft vs host reaction, allograft rejections, fever and 

20 myalgias due to infection, cachexia secondary to infection, AIDS, ARC or malignancy, 
keloid formation, scar tissue formation, Crohn* s disease, ulcerative colitis, pyresis, and 
viral infections such as HIV, CMV, influenza and herpes; veterinary viral infections such 
as lentivirus infections, including but not limited to equine infectious anemia virus, 
caprine arthritis viras, visna virus or maedi virus; and retrovims infections, including 

25 feline inomunodeficiency virus, bovine inomunodeficiency virus and canine 
irmnunodeficiency virus. 

Coicpounds of the invention may also be used in the treatment of viral infections, 
where such viruses elicit TNF production in vivo or are sensitive to upregulation by TNF. 
Such viruses include those that produce TNF as a result of infection and those that are 

30 sensitive to inhibition, for instance as a result of decreased replication, directly or 

indirectly by the TNF-inhibiting coii5)ounds of the invention. Such virases include, but 
are not limited to, HIV-1, HIV-2 and HIV-3, Cytomegalovirus (CMV), influenza, 
adenovirus and the herpes group of vimses such as Herpes zoster and Herpes simplex. 
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IL-1 mediated diseases or conditions include for exan^le rheumatoid arthritis, 
osteoarthritis, psoriatic arthritis, traumatic arthritis, rubella arthritis, inflammatory bowel 
disease, stroke, endotoxexrda and/or toxic shock syndrome, inflammatory reaction 
induced by endotoxin, diabetes, panoreatic )3-cell disease, Alzheimer's disease, 
5 tuberculosis, atherosclerosis, muscle degeneration and cachexia. 

IL-8 mediated diseases and conditions include for example those characterized by 
massive neutrophil infiltration such as psoriasis, inflammatory bowel disease, asthma, 
cardiac, brain and renal reperfiision injury, adult respiratory distress syndrome, 
thrombosis and glomerulonephritis. The increased EL-S production associated with each 

10 of these diseases is responsible for the chemotaxis of neutrophils into inflammatory sites. 
This is due to the unique property of IL-8 (in comparison to TNP, IL-1 and IL-6) of 
promoting neutrophil chemotaxis and activation. Therefore, inhibition of production 
would lead to a direct reduction in neutrophil infiltration 

It is also known that both IL-6 and IL-8 are produced during rhino virus (HRV) 

1 5 infections and contribute to the pathogenesis of the common cold and exacerbation of 
asthma associated with HRV infection [Turner et aL, Clin. Infec. Dis,^ 1997, 26, 840; 
Grunberge^a/.,^7n, J. Crit. CareMed,, 1997, 155, 1362; Zhue^ a/., J. Clin. Invest, 
1996, 97, 421]. It has also been demonstrated in vitro that infection of pulmonary 
epithelial cells (which represent the primary site of infection by HRV) with HRV results 

20 in production of IL-6 and IL-8 [Sabauste et al, J. Clin. Invest., 1995, 96, 549]. 

Therefore, p38 inhibitors of the invention may be used for the treataent or prophylaxis of 
the common cold or respiratory viral infection caused by human rhinovirus infection 
(HRV), other enteroviruses, coronavirus, influenza virus, parainfluenza vims, respiratory 
syncytial virus or adenovirus. 

25 For the prophylaxis or treatment of a p38 or pro-inflammatory cytokine mediated 

disease the conqpounds according to the invention may be administered to a human or 
ntiammal as pharmaceutical compositions, and according to a fiirtiier aspect of the 
invention we provide a pharmaceutical composition which coinprises a conqpound of 
formula (1) together with one or more pharmaceutically acceptable carriers, excipients or 

30 diluents. 

Pharmaceutical compositions according to the invention may take a form suitable 
for oral, buccal, parenteral, nasal, topical, ophthalmic or rectal administration, or a form 
suitable for administration by inhalation or insufflation. 
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For oral admmistration, the pharmaceutical con^ositions may take the form o^ 
for example, tablets, lozenges or cqssules prepared by conventioiial means with 
phannaceutically acceptable excipients such as binding agents (e.g. pregelatinised maize 
starch, polyvinylpyrrolidone or hydroxypropyl methyl cellulose); fillers (e.g. lactose, 
5 microcrystaUine cellulose or calcium hydrogenphosphate); lubricants (e.g. magnesium 
stearate, talc or silica); disintegrants (e.g. potato starch or sodium glycollate); or wetting 
agents (e.g. sodium lauryl sulphate). The tablets noay be coated by methods well known 
in the art. Liquid preparations for oral administration may take the form of, for example, 
solutions, syrups or suspensions, or they may be presented as a dry product for 

1 0 constitution with water or other suitable vehicle before use. Such liquid preparations may 
be prepared by conventional means with pharmaceutically acceptable additives such as 
suspending agents, emulsifying agents, non-aqueous vehicles or preservatives. The 
preparations may also contain buffer salts, flavouring agents, colouring agents or 
sweetening agents, as appropriate. 

1 5 Preparations for oral administration may be suitably formulated to give controlled 

release of the active confound. 

For buccal adnoinistration, the conq)ositions may take the form of tablets or 
lozenges formulated in conventional manner. . 

The compounds of formula (1) may be formulated for parenteral administration by 

20 injection, e.g. by bolus injection or infusion. Formulations for injection may be presented 
in unit dosage form, e.g. in glass ampoules or multi-dose containers, e.g. glass vials. The 
compositions for injection may take such forms as suspensions, solutions or emulsions in 
oily or aqueous vehicles, and may contain fomoulatory agents such as suspending, 
stabilising, preserving and/or dispersing agents. Alternatively, the active ingredient may 

25 be in powder form for constitution with a suitable vehicle, e.g. sterile pyrogen-free water, 
before use. 

In addition to the formulations described above, the conq>ounds of formula (1) 
noay also be formulated as a depot preparation. Such long-acting fonnulations noay be 
administered by implantation or by intramuscular injection. 
30 For nasal administration or administration by inhalation, the compounds according 

to the present invention may be conveniently delivered in the form of an aerosol spray 
presentation for pressurised packs or a nebulise*, with the use of a suitable propellant, e.g. 
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dichlorodifluoromethaae, fluorotrichloroinethane, dichlorotetrafluoroethane, carbon 
dioxide or ofher suitable gas or mixture of gases. 

The conipositioiis may, if desired, be presented in a pack or dispenser device 
which may contain one or more unit dosage forms containing the active ingredient. The 
pack or dispensing device may be accon^)anied by instructions for adrmnistration. 

For topical adncunistration the conipounds according to the present invention may 
be conveniently formulated in a suitable ointment containing the active component 
suspended or dissolved in one or more pharmaceutically acceptable carriers. Particular 
carriers include, for example, mineral oil, liquid petroleum, propylene glycol, 
polyoxyethylene, polyoxypropylene, emulsifying wax and water. Alternatively, the 
compounds according to the present invention may be formulated in a suitable lotion 
containing tiie active con5)onent suspended or dissolved in one or more pharmaceutically 
acceptable carriers. Particular carriers include, for example, mineral oil, sorbitan 
monostearate, polysorbate 60, cetyl esters wax, cetearyl alcohol, benzyl alcohol, 2- 
octyldodecanol and water. 

For ophthalmic administration the compounds according to the present invention 
may be conveniently formulated as microioinzed suspensions in isotonic, pH-adjusted 
sterile saline, either with or without a preservative such as a bactericidal or fungicidal 
agent, for exan^le phenylmercuric nitrate, benzylalkonium chloride or chlorhexidiiie 
acetate. Attematively, for ophthalmic administration conapounds may be formulated in an 
ointment such as petrolatum. 

For rectal administration the compounds according to the present invention may 
be conveniently formulated as suppositories. These can be prepared by mixing the active 
component with a suitable non-irritating excipient which is solid at room temperature but 
liquid at rectal teiJoperature and so will melt in the rectum to release the active con5)onent. 
Such materials include, for exatnple, cocoa butter, beeswax and polyethylene glycols. 

The quantity of a compound of the invention required for the prophylaxis or 
treatment of a particular condition will vary depending on the coii5)ound chosen and the 
condition of the patient to be treated In general, however, daily dosages may range from 
around 10 ng/kg to 1000 mg/kg, typically from 100 ng/kg to 100 mg/kg, e.g. around 0.01 
mg/kg to 40 mg/kg body weight for oral or buccal administration, from around 10 ng/kg 
to 50 mg/kg body weight for parenteral administration, and from around 0.05 mg to 
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around 1000 ing, e.g. from around 0.5 mg to around 1000 mg, for nasal administration or 
administration by inhalation or insufflation. 

The conq)ounds of the invention may be prepared by a number of processes as 
generally described below and more specifically in the Es:airq)les hereinafter. In the 
5 following process description, the symbols Ar, Cy^, ABc^, n, L*, L, R^, A, X and Y when 
used in the formulae dqpicted are to be understood to represent those groups described 
above in relation to formula (1) unless otherwise iadicated. In the reactions described 
below, it may be necessary to protect reactive functional groups, for example hydroxy, 
armno, thio or carboxy groups, where these are desired in the final product, to avoid their 

1 0 unwanted participation in the reactions. Conventional protecting groups may be used in 
accordance with standard practice [see, for example, Greene, T.W. and Wuts, P.G.M., 
Protective Groups in Organic Synthesis, John Wiley and Sons, 3"^ edition, 1999]. In 
some instances, deprotection may be the final step in the synthesis of a confound of 
formula (1) and the processes according to the invention described hereinafter are to be 

1 5 understood to extend to such removal of protecting groups. 

Thus, according to a fiirfher aspect of the invention, a conqpound of formula (1) in 
which Cy^ is as previously defined, but is other than an aromatic or heteroaromatic group 
when n is zero and is a covalent bond, may be prepared by alkylation of a compound 
of formula (2): 



(where D is a hydrogen atono, a group -LAr, or a protecting group), with an alkylating 
agent of formula C>/L^(A]k^)nZ, where Cy^ is as just defined and Z is a leaving group 
25 such as a halogen atom, e.g. a chlorine, bromine or iodine atom, or a sulphonyloxy group 
such as an allq^lsulphonyloxy, e.g. trifluoromethylsulphonyloxy, or arylsulphonyloxy, e.g. 
phenylsulphonyloxy, group. 

The reaction may be performed in the presence of a solvent, for example a 
substituted amide such as AyV^dimethylforrnaiiiide, a cyclic ether such as tetrahydrofiiran, 



20 




(2) 



H 
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a su^phoxide such as dimethylsulphoxide, or nrixtures thereof, optionally in the presence 
of a base, for exanq)le an inorganic base such as sodium hydride or potassium carbonate, 
or an organic base such as an organic amine, e,g. a cyclic amine such as 1,5- 
diazabicyclo[4.3.0]non-5-ene, or a resin-bound organic amine such as resin-bound l-tert- 
butylimino-2-diethylainino-l,3-dimethylperhydro-l,3,2-diaz^ (PS-BEMP), if 

necessary at an elevated temperature, for example 60 to 100*^0. 

Interaiediates of formula (2) may also be used in another process according to the 
invention to prepare a compound of formula (1) in which n is zero, is a covalent bond 
and Cy^ is an optionally substituted aromatic or heteroaromatic group by the reaction of 
the intermediate with a boronic acid of formula Cy^B(0H)2 in which Cy^ is as just 
defined. The reaction may be performed in an organic solvent, for example a halogenated 
hydrocarbon such as dichloromethane or dichloroethane, in the presence of a copper 
reagent, for example a copper(n) reagent such as copper(II) acetate, optionally in the 
presence of an oxidant, for example 2,2,6,6-tetramethyl-l-piperidinyloxy or pyridine 
oxide, optionally in the presence of a base, for example an organic amine such as an 
alkylamine, e.g. triethylamine, or an aronoadc amine, e.g. pyridine, at atenq)erature from 
around ambient to the reflux tenoperature [see for exan^le Chan, D.T. et al. Tetrahedron 
Lett., 1998, 2933; Lam, P.Y.S. et al. Tetrahedron Lett., 2001, 3415]. 

Moreover, for the preparation of a corq)ound of formula (1) in which n is zero, 
is a covalent bond and Cy^ is a phenyl moiety substituted in the ortho and/or para 
positions by one, two or three nitro groups, the intermediate of formula (2) may be 
reacted with the appropriate fluoro-substituted nitrobenzene derivative. For exarqple, 
where Cy^ is 2-nitrophenyl, intermediate (2) will be reacted with 2-fluoronitrobenzene. 
The reaction is conveniently effected at an elevated temperature in the presence of a 
strong base, e.g. sodium hydride, typically in a dipolar aprotic solvent such as N,N' 
dimethylformamide. 

Intemiediates of formula (2) are either known compovaads (see, for exanple, 
Andresen et al, ibid.) or naay be prepared in a multi-step process, firstly by oxidation of 
the corresponding pyridines or pyrimidines of formula (3): 
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with an oxidising agent such as hydrogen peroxide in the presence of an acid such as 
acetic acid, at an elevated temperature, for example around 70''C to 80°C, or alternatively 
5 by reaction with a peracid such as peracetic acid or m-chloroperoxybenzoic acid in a 
solvent such as an ester, e.g. ethyl acetate, a halogenated hydrocarbon, e.g. 
dichloromethane, or an alcohol, e.g. ^er^-butanol, at a temperature from the ambient 
ten^erature to the reflux tetqperature, to yield the corresponding iV-oxide; followed by 
sequential reaction with an anhydride, for example acetic anhydride, at an elevated 

1 0 temperature, such as the reflux temperature, and then with an inorganic base, for example 
' a carbonate such as aqueous potassium carbonate, in a solvent such as an ether, for 
example a cyclic ether^ e.g. tetrahydrofuran, at around ansbient temperature, to yield the 
desired intermediate of fomiula (2). Alternatively the N-oiddc may be treated with 
trifluoroacetic anhydride in iV;iV-dimethylformainide from 0°C to ambient temperature to 

1 5 yield the desired intermediate [see, for example, Konno et a/., Heterocycles, 1986, 24, 
2169]. 

Intermediates of formula (3) in which D is a protecting group can be 
advantageously used in the above reactions to generate a variety of con5)ounds of the 
invention. Thus, for exan^^le, an intermediate of formula (3) in which D is a 

20 phenylsulphonyl group may be oxidised, converted to the corresponding pyridinone or 
pyrimidinone of formula (2), and then alkylated or arylated according to the reactions 
described above. At this point the phenylsulphonyl group can be removed, for example 
by treatment with a base such as sodium hydroxide in an alcohol such as methanol at 
ambient teii5>erature. The resulting deprotected intermediate can then be reacted, in 

25 another process according to the invention, with a conq^ound ArLZ (where Z is a leaving 
group as defined above) in the presence of a base and suitable solvent, as described above 
for the allgrlation of intermediates of formula (2), to yield a desired conapound of formoila 

(1). 

Where in the general processes described above intermediates of formula (3), 
30 other intermediates such as alkylating agents of formula Cy^L^(Alk^)nZ, and any other 
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intennediates required in the synthesis of confounds of the invention, are not available 
conunercially or known in the litorature, they may be readily obtaxaed from sin^ler 
known confounds by one or more standard synthetic methods en^loying substitution, 
oxidation, reduction or cleavage reactions. Particular substitution approaches include 
conventional alkylation, arylation, heteroarylation, acylation, thioacylation, halogenation, 
sulphonylation, 3Qitration, formylation and coupling procedures. It will be ^predated that 
these methods may also be used to obtain or modify other intermediates and in particular 
compounds of formula (1) where q)propriate functional groups exist in these compounds. 

Thus, for exan5>le, intermediates of formula (3) where D is a protecting group 
such as an arykulphonyl group may be obtained from the corresponding IH-compounds 
by reaction with a compound ArS02Hal (where Hal is a halogen atom such as a chlorine 
atom) in the presence of a base such as sodium hydride in a solvent such as 
dimethylsulphoxide at ambient ten^erature. Similarly, confounds of the invention and 
intermediates thereto generally may be obtained by sulphonylation of a compound 
containing an -OH group by reaction with one of the above alkylating agents but in which 
Z is replaced by a -S(0)Hal or -SOaHal group in the presence of a base, for exan9>le an 
inorganic base such as sodium hydride, in a solvent such as an amide, e.g. a substituted 
amide such as i\r>i^-dimethylformamide, at, for exa£rq)le, ambient ten^erature. 

Coiiq)ounds of the invention and intermediates thereto where A represents a 
-N(R^- or -C(R^(R^- group may be generated from corresponding compounds of the 
invention or intermediates thereto where A represents a -N= or -C(R^= group by 
reduction, for instance by catalytic hydrogenation using a metal catalyst such as 
palladium on charcoal in the presence of hydrogen gas at an elevated pressure in a solvent 
such as an alcohol, e.g. ethanol, optionally at an elevated tenqperature, e.g. between 40°C 
aad 60*^0. 

Aromatic halogen substituents in the confounds of the invention may be 
subjected to halogen-noetal exchange with a base, for exanple a lithium base such as n- 
butyllithium or ^ert-butyllithium, optionally at a low tetnperature, e.g. around -TS^'C, in a 
solvent such as tetrahydrofuran, and then quenched with an electrophile to introduce a 
desired substituent. Thus, for exa2i5)le, a formyl group may be introduced by using iV;^- 
dimethylfonnamide as the electrophile, a thiomethyl group may be introduced by using 
dimethyldisulphide as the electrophile, an alcohol group may be introduced by using an 
aldehyde as the electrophile, and an acid may be introduced by using carbon dioxide as 
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the electrophile. Aromatic acids of formula ArC02H may also be generated by quenching 
Grignard reagents of formula ArMgHal with carbon dioxide. 

Aromatic acids of formula ArCOaH generated by this method and acid-containing 
conq)ounds in general may be converted to activated derivatives, e.g. acid halides, by 
5 reaction with a halogenating agent such as a thionyl halide, e.g. thionyl chloride, a 

phosphorus trihalide such as phosphorus trichloride, or a phosphorus pentahalide such as 
phosphoms pentachloride, optionally ia an inert solvent such as an aromatic hydrocarbon, 
e.g. toluene, or a chlorinated hydrocarbon, e.g. dichloromethane, at a temperature from 
about 0°C to the reflux temperature, or may be converted into Weinreb amides of formula 

1 0 ArC(0)N(OMe)Me by direct treatment with the amine of formula HN(OMe)Me and a 
condensing agent such as EDC (vide infra\ typically in the presence of a base such as 
triethylamine in a solvent such as dichloromethane; or by conversion to the acid halide as 
just described and subsequent reaction with the amine of formula HN(OMe)Me or a salt 
thereof optionally in the presence of a base such as an organic amine, e.g. triethylamine, 

15 in an inert solvent such as an aromatic hydrocarbon, e.g. toluene, or a chlorinated 
hydrocarbon, e.g. dichloromethane, at a temperature from about 0°C to ambient 
temperature. 

Acid (-CO2H) groups in the coirpounds of the iavention or intermediates tiiereto 
may be transformed into a3mide (-CONH2) groups by treatment with ammonia in the 

20 presence of a condensing agent, for example l,r-carbonyldiimidazole, typically in a 
solvent such as Ar;^-dimethylformamide. Similarly, acid (-CO2H) groups in the 
con5)ounds of the invention or intermediates thereto may be transformed iato hydrazide 
(-CONHNH2) groups by treatment with hydrazine hydrate, suitably in an alcoholic 
solvent such as 2-ethoxyethanol, typically at an elevated tenq^erature. 

25 Amide (-CONH2) groups in the confounds of the invention or intermediates 

thereto may be transformed into cyano (-CN) groups by treatment with trifluoroacetic 
anhydride in the presence of pyridine and a solvent, e.g. a chlorinated solvent such as 
dichloromethane. 

Con:q>oimds of formula (1) wherein R* represents -CO2H may be converted into 
30 the corresponding con[5)ound wherein represents -CONR^*R^ by conversion into an 
activated derivative, e.g. an acid halide, as described above, typically in a dipolar aprotic 
solvent such as iViiN^-dimethylformanciide; followed by treatment with the q)propriate 
amine of formula H-NR^*R^*, typically in an inert solvent such as tetrahydrofuran. 
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Alternatively, a confound of forraula (1) whorein represents -CO2H may be converted 
directly into the corresponding con^pound wh&cem represents -CONR^^R^ by 
treatment with the appropriate amine of forraula H-NR^*R^ and a condensing agent such 
as BDC (vide infra)^ suitably in the presence of a catalyst such as l-hydroxybenzotriazole, 
typically in an inert solvent, e.g. a chlorinated solvent such as dichloromethane. 

Cotnpounds of the invention and intermediates thereto noay be prepared by 
alkylation, arylation or heteroarylation. For example, compounds containing a -L^H 
group (where is a linker atom or group) may be treated with an alkylating agent Cy^Z^ 
in which is a leaving atom or group such as a halogen atom, e.g. a fluorine, chlorine, 
bromine or iodine atom, or a sulphonyloxy group such as an alkylsulphonyloxy, e.g. 
trifluoromethylsulphonyloxy, or arylsulphonyloxy, e.g./?-toluenesulphonyloxy, group. 

The reaction may be carried out in the presence of a base such as a carbonate, e.g. 
caesium carbonate or potassium carbonate, an alkoxide, e.g. potassium ^er^-butoxide, or a 
hydride, e.g. sodium hydride, in a dipolar orotic solvent such as an amide, e.g. a 
substituted amide such as iV,JSr-dimethylforinamide, or an ether, e.g. a cyclic ether such as 
tetrahydrofiiran. 

In another example, compounds containing a -L^H group as defined above may be 
functionalised by acylation or thioacylation, for cxaniplc by reaction with the alkylating 
agents just described but in which Z^ is replaced by a -C(0)Z^ -C(S)Z^, -N(R^)C(0)Z^or 
-N(R^)C(S)Z^ group in which Z^ is a leaving atom or group as described for Z^. The 
reaction may be performed in the presence of a base, such as a hydride, e.g. sodium 
hydride, or an amine, e.g. triethylamine or iST-methylmorpholine, in a solvent such as a 
halogenated hydrocarbon, e.g. dichloromethane or carbon tetrachloride, or an amide, e.g. 
iNyV-dimethylfonnamide, at for exanqjle ambient ten5)erature. Alternatively, the 
acylation may be carried out imder the same conditions with an acid (for exarcple one of 
the alkylating agents described above in which Z^ is replaced by a ~C02H group) in the 
presence of a condensing agent, for example a diimide such as l-(3-dimethylamino- 
propyl)-3-ethylcarbodiimide or iS^,JV-dicyclohexylcarbodiindde, or abenzotriazole such as 
0-(7-azabeiizotriazol- l-yl)-iNWAr^-tet^^ hexafluorophosphate, 
advantageously in the presence of a catalyst such as a iV'-hydroxy compound^ e.g. a 
hydroxytriazole such as 1-hydroxybenzotriazole. Alternatively, the acid may be reacted 
with a chloroformate, for exanaple ethyl chloroformate, prior to the desired acylation 
reaction. 
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In another exan^le^ corqpounds contaiimig a -L^H group as defined above may be 
coupled with one of the alkylation agents just described but in which is replaced by an 
-OH group in a solvent such as tetrahydrofuran in the presence of a phosphine, e.g. 
triqphenylphosphine, and an activator such as diethyl, diisopropyl or dimethyl 
5 azodicarboxylate. 

Ester groups such as -COjAlk^, -CO2R'* and -COaR^ (where is other than 
hydrogen) in the compounds of formula (1) and intermediates thereto may be converted to 
tile corresponding acid (-CO2H) by acid- or base-catalysed hydrolysis depending on the 
nature of the group Alk^, R"^ or R^. Acid- or base-catalysed hydrolysis may be achieved, 

1 0 for example, by treatment with an organic or inorganic acid, e.g. trifluoroacetic acid, in an 
organic solvent, e.g. dichloronoethane, or a mineral acid such as hydrochloric acid in a 
solvent such as 1,4-dioxane, or an alkali metal hydroxide, e.g. lithium hydroxide or 
sodium hydroxide, in an aqueous alcohol, e.g. aqueous methanol or aqueous ethanoL 

In a further exan:5)le, -OR^ (where R^ represents an alkyl group such as methyl) in 

1 5 confounds of formula (1) and intermediates thereto may be cleaved to the corresponding 
alcohol -OH by reaction with boron tribromide in a solvent such as a halogenated 
hydrocarbon, e.g. dichloronoethane, at a low teiqperature, e.g. around -78*'C. 

Alcohol ("OH) groups n^iy also be obtained by hydrogenation of a corresponding 
-0CH2R^^ group (where R^* is an aryl group) using a metal catalyst, for exaniple 

20 palladium on a support such as carbon, in a solvent such as ethanol in the presence of 
ammonium formate, cyclohexadiene or hydrogen, from around ambient temperature to 
the reflux temperature. In another exan^jle, -OH groups may be generated from the 
corresponding ester (e.g. -COzAO^) or aldehyde (-CHO) by reduction, using for example 
a complex metal hydride such as Kthium aluminium hydride or sodium borohydride in a 

25 solvent such as methanol. 

In another example, -OH groups in the confounds may be converted to a 
corresponding -OR^ group by coupling with a reagent R^OH in a solvent such as 
tetrahydrofuran in the presence of a phosphine, e.g. triphenylphosphine and an activator 
such as diethyl, diisopropyl or dimethyl azodicarboxylate. 

30 Aminosulphonylamino (-NHSO2NH2) groups in the conipounds may be obtained, 

in another exan:q)le, by reaction of a corresponding amine (-NH2) with sulphamide in the 
presence of an organic base such as pyridine at an elevated ten^erature, e.g. the reflux 
temperature. 
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In another exan5)le, compounds containing a -NHCSR^ or -CSNHR^ group n^y 
be prepared by treating a corresponding conipound containing a -NHCOR' or -CONHR^ 
group Avith a thiation reagent, such as Lawesson's Reagent or P2S5) in an anhydrous 
solvent, for example a cyclic ether such as tetrahydrofuran, at an elevated temperature 
such as the reflux temperature. 

In a further exan^le, amine (-NH2) groups may be alkylated using a reductive 
alkylation process employing an aldehyde and a reducing agent. Suitable reducing agents 
include borohydrides, for example sodium triacetoxyborohydride or sodium 
cyanoborohydride. The reduction may be carried out in a solvent such as a halogenated 
hydrocarbon, e.g. dichloromethane, a ketone such as acetone, or an alcohol, e.g. ethanol, 
where necessary in the presence of an acid such as acetic acid at around ambient 
tenqjerature. Altematively, the amine and aldehyde naay be initially reacted in a solvent 
such as an aromatic hydrocarbon, e.g. toluene, and then subjected to hydrogenation in the 
presence of a metal catalyst, for example palladium on a support such as carbon, in a 
solvent such as an alcohol, e.g. ethanoL 

Amine (-NH2) groups in the confounds of the invration or intermediates thereto 
may generally be transformed into halogen atoms, e.g. bromo, by Ixeatment with a nitrite 
reagent, e.g. ^er^-butyl nitrite, in the presence of a copper(II) halide, e.g. copper(n) 
bromide, typically in a solvent such as acetonitrile. 

In a further exaccple, amine (-NEI2) groups in conopounds of formula (1) and 
intermediates thereto naay be obtained by hydrolysis from a corresponding imide by 
reaction with hydrazine in a solvent such as an alcohol, e.g. ethanol, at ambient 
ten5)erature. 

In another example, a nitro (-NO2) group may be reduced to an anaine (-NH2), for 
example by catalytic hydrogenation using for example hydrogen in the presence of a 
metal catalyst, for example palladium on a support such as carbon, in a solvent such as an 
ether, e.g. tetrahydrofuran, or an alcohol, e.g. methanol, or by chemical reduction using 
for example a metal, e.g. tin or iron, in the presence of an acid such as hydrochloric acid. 

In a further example, amine (-CH2NH2) groups in conopounds of formula (1) and 
intermediates thereto may be obtained by reduction of nitriles (-CN), for exan5>le by 
catalytic hydrogenation using for example hydrogen in the presence of a metal catalyst, 
for example palladium on a support such as carbon, or Raney® nickel, in a solvent such as 
an ether, e.g. a cycHc ether such as tetrahydrofuran, or an alcohol, e.g. methanol or 
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ethanol, optionally in the presence of ammonia solution at a teniperature from ambient 
teniperature to the reflux temperature, or by chemical reduction using for example a metal 
hydride, e.g. lithium alunoinium hydride, in a solvent such as an ether, e.g. a cyclic ether 
such as tetrahydrofuran, at a temperature from 0**C to the reflux temperature. 
5 In another example, sulphur atoms in the con:q)oxmds, for example when present in 

a group or I?, may be oxidised to the corresponding sulphoxide or sul^hone using an 
oxidising agent such as a peroxyacid, e.g. 3-chloroperoxybenzoic acid, in an inert solvent 
such as a halogenated hydrocarbon, e.g. dichloromethane, at around ambient temperature. 
In a fturther exainple, iV-oxides of compoimds of formula (1) may in general be 
1 0 prepared for exanaple by oxidation of the corresponding nitrogen base as described above 
in relation to the preparation of intermediates of formula (2). 

Salts of compounds of formula (1) may be prepared by reaction of compotmds of 
formula (1) with an appropriate base in a suitable solvent or mixture of solvents, e.g. an 
organic solvent such as an ether, e.g. diethyl ether, or an alcohol, e.g. ethanol, using 
1 5 conventional procedures. 

Where it is desired to obtain a particular enantiomer of a confound of formula (1) 
this may be produced from a corresponding mixture of enantiomers using any suitable 
conventional procedure for resolving enantiomers. 

Thus, for example, diastereomeric derivatives, e.g. salts, n:iay be produced by 
20 reaction of a noixture of enantiomra of formula (1), e.g. a racemate, and an appropriate 
chiral conq)ound, e.g. a chiral base. The diastereomers may then be separated by any 
convenient means, for example by crystallisation, and the desired enantiomer recovered, 
e.g. by treatment with an acid in the instance where the diastereomer is a salt. 

In another resolution process a racemate of formula (1) may be separated using 
25 chiral High Porfonnance Liquid Chromatography. Alternatively, if desired, a particular 
enantiomer naay be obtained by using an appropriate chiral intermediate in one of the 
processes described above. Alternatively, a particular enantiomer may be obtained by 
performing an enantiomer-specific enzymatic biotransfonnation, e.g. an ester hydrolysis 
using an esterase, and then purifying only the enantionaerically pure hydrolysed acid from 
30 the unreacted ester antipode. 

Chroroatography, recrystaUisation and other conventional separation procedures 
noay also be used with intermediates or final products where it is desired to obtain a 
particular geonaetric isomer of the invention. 
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10 



15 



25 



The foUowing Examples illustrate the invention. All temperatures are in °C, The 
following abbreviations are used: 



EtOAc - ethyl acetate; 
DCM - dichloromethane; 
DMSO - dimethylsulphoxide; 
THF - tetrahydrofiaran; 
MCPBA - 3-chloroperoxybenzoic acid; 
r.t. - roomterrperature; 
AcOH - acetic acid; 
UHP - urea-hydrogen peroxide con5)lex; 
TLC - thin-layer chromatography; 
EDC - l-[3-(dimethylainino)propyl]-3-ethylcarbodiiinide hydrochloride; 
HOST - 1-hydroxybenzotriazole hydrate. 



MeOH - methanol; 
EtOH - ethanoU Pyr - pyridine; 
Me - methyl; 
h - hour; 

DMF - A^^-dimethylforimmide; 
TFAA - trifluoroacetic anhydride; 

CDI - Ijl'-carbonyldiiroidazole; 



All NMRs were obtained either at 300 MHz or 400 MHz. 

Cotx]pounds were named with the aid of either Beilstein Autonom, supplied by 
MDL Information SystenM GmbH, Theodor-Heuss-Allee 108, D-60486 Frankfurt, 
Gemaany, or ACD Labs Name (v. 5.0 or v. 6.0), supplied by Advanced Chemical 
20 Development, Toronto, Canada 

LCMS retention times (RT) quoted were generated on a Hewlett Packard 1 100 
LC/MS using the following method unless otherwise stated: Phenomenex Luna 3\i Ci8(2) 
50 X 4.6 mm column; mobile phase A = 0. 1% formic acid in water, mobile phase B = 
0. 1% formic acid in MeCN; flow rate of 0.9 mlmin"^; column temperature 40°C. 



Gradient: 



Time (mm) 


%B 


Initial 


5 


2.0 


95 


3.0 


95 


5.0 


5 


5.5 


end 
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LCMS Method B: Phenomenex Luna Ci8(2) 50 x 4.6 mm cokutzm; mobile 
phase A = 0. 1 % foimic acid in water, mobile phase B = 0. 1% fomaic acid in MeCN; flow 
rate of 0.9 mlmia"^; column temperature 40°C. 

Gradient: 



Time (min.) 


%B 


Initial 


5 


2.0 


95 


4.0 


95 


5.0 


5 


5.5 


end 



LCMS Method C: Varian Polaris 5(x Cig 50 x 4.6 mm column; mobile phase A = 
10 0.1% foxmic acid in water; mobile phase B = 0. 1% fornaic acid in MeCN; flow rate of 0.9 
mlmin"^; column temperature 40'*C. 



Gradient: 


Time (min) 


%B 


Initial 


5 


1.0 


95 


5.0 


95 


5.5 


end 



15 

INTORMEDIATE 1 

1 -Benzenesulfonyl- 1 jy-pyrrolo[3,2-f>]p yridiTie 

Sodium hydride (60% in naineral oil, 203 mg, 5.08 mmol) was washed twice with 
20 hexane, and the residue suspended in DMSO (5 ml). lir-Pyrrolo[3,2-i]pyridine (500 nag, 
4.24 nomol) was added and the reaction stirred for 15 minutes. Benzenesulphonyl 
chloride (749 mg, 4.42 mmol) was added rapidly and the reaction stirred for 0.5 h. After 
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quenching with water the product was extracted into EtOAc, dried (Na2S04) and 
concentrated in vacuo. Cbron:iatography (EtOAc, silica) yielded the title compound as a 
white crystalline soUd (903 mg, 83%). 5h (de-DMSO) 8.48 (IH, dd, 70.8, 3.8 Hz), 8.31 
(IH, m), 8.15 (IH, d, J3.8 Hz), 8.04 (2H, m), 7.72 (IH, m,), 7.61 (2H, m,), 7.36 (IH, dd, 
5 J4.7, 8.4 Hz), 6.98 (IH, dd, J0.8, 3.8 Hz). LCMS (ES"^ RT 3.056 minutes, 259 (M+H)'*". 



INTERMEDIATE 2 

1 -Benzenesulfonyl- liy-pyrrolo[3 ,2-fe]pyridine 4-oxide 

1 0 Intermediate 1 (903 mg, 3.5 mmol) was dissolved in EtOAc (6 ml) and treated 

with MCPBA (903 nag, 5.25 mmol). After stirring for 24 h the reaction mixture was 
washed with saturated sodium hydrogencarbonate solution, dried (MgS04) and 
concentrated in vacuo. Chromatography (EtOAc, silica) yielded the title compound as a 
white foam (860 mg, 90%). 5h (de-DMSO) 8.24 (IH, d, J 6.6 Hz), 8.15 (3H, m), 7.9 (IH, 

15 d, y 8.3 Hz), 7.76 (IH, m), 7.68 (2H, m), 7.35 (IH, dd, J 6.3, 8.5 Hz), 7. 1 (IH, dd, J0.8, 
3.8 Hz). LCMS (ES") RT 2.639 minutes, 275 (M+H*). 



INTERMEDIATE 3 

20 l-Beiizenesulfonyl-1.4-dihY(fro-5iy-pyrrolo[3,2-6]p>Ti(^ 

Intermediate 2 (0.86 g, 3.1 mnool) was dissolved in DMF (8 ml) and treated with 
TFAA (6.6 g, 31.4 mmol) at r.t. and stirred for 4 days. The reaction mixture was 
concentrated in vacuo, redissolved in EtOH, concentrated again, then partitioned between 
water and toluene. The organic layer was dried (MgS04) and concentrated to yield the 

25 title compound as a beige solid (657 mg, 77%). 8h (de-DMSO) 8.20 (IH, d, J 8.6 Hz), 
8.11 (2H, m), 7.94 (IH, d, J3.7 Hz), 7.88 (IH, d, ,78.4 Hz), 7.78 (2H, m), 6.58 (IH, d, J 
3.6 Hz), 6.45 (IH, d, J9.6 Hz). LCMS (ES^ RT 2.775 minutes, 275 (M+H)^ 



INTERMEDIATE 4 

30 

l-Benzenesulfonvl-4-phenyl- 1 ,4-d ih ydro-5/f>-pvrrQlo[3 .2-fc]pvridin-5-one 

Intemiediate 3 (300 mg, 1.09 nmiol) was combined with phenylboronic acid (343 
mg, 2.19 mmol), copper(II) acetate (437 nag, 2.19 nomol), and pyridine (319 mg, 0.41 ml, 
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3.28 nxmol) in DCM. The reaction was stirred at r.t. for 24 h then diluted with fiirther 
DCM, washed with water, and the organic layer dried and concentrated in vacuo. 
Column chroinatogrq)fay (EtOAc, siUca) yielded the title compound (150 mg, 39%). Sh 
(d6-DMSO) 7.95 (IH, d, J9.8 Hz), 7.90 (2H, d, J8.5 Hz), 7.60 (2H, m), 7.53 (2H, m), 
5 7.35 (3H, m), 7.16 (2H, d, J 1.7, 8.3 Hz), 6.23 (IH, d, J9.8 Hz), 5.70 (IH, dd, 70.6, 3.7 
Hz). LCMS (ES") RT 3.312 minutes, 351 (M+H)"". 

INTERMEDIATE 5 

10 4-Phenvl- 1 .4-dihydro-5g-pyrrolo[3.2-Z>]pyridin-5-one 

Intermediate 4 (1.5 g, 4.3 mmol) in MeOH (10 ml) was treated with 2M sodium 
hydroxide (5 ml) and stirred at r.t for 2 h. The (»:ganic phase was removed imder reduced 
pressure, the residue neutralised with 2M hydrochloric acid then extracted into DCM, 
dried (MgS04) and concentrated in vacuo to yield the title compound (765 mg, 85%). 5h 

1 5 (CDCI3) 9.30 (IH, br s), 7.44 (3H, m), 7.36 (3H, m), 6.84 (IH, t, J 3.0 Hz), 6.37 (IH, d, 7 
9.4 Hz), 5.59 (IH, t, J2.3 Hz). 

INTERMEDIATE 6 

20 1 -Ben2enesulfonyl-4-(4-methoxyphenyl)- 1 .4-dihydro-5^-pyrrolo[3 ,2-6]pyridin-5-one 

From Intermediate 3 (300 mg, 1.09 mmol) and 4-methoxyphenylboronic acid (333 
mg, 2.19 mmol) by the method of Intermediate 4 to give the title compound (110 mg, 
27%). 5h (dfi-DMSO) 8.12 (IH, d, 7 9.8 Hz), 8.06 (2H, m), 7.75 (4H, m), 7.25 (2H, dd, J 
2.2, 9.0 Hz), 7.05 (2H, dd, 72.2, 9.0 Hz), 6.40 (IH, d, 79.8 Hz), 5.91 (IH, dd, 70.5, 3.6 

25 Hz), 3.81 (3H, s). LCMS (ES"^ RT 3.309 minutes, 381 (M+H)^ 

INTERMF^mATE 7 

4-f4-MethoxvphKryp-l,4-diTivdro-5g-pvrrolo[3.2-fe]pvridin-5-one 
30 From Intermediate 6 (25 nog, 0.066 mmol) by the method of Intermediate 5 to give 

the title compound (16 mg, 100%). 5h (CDOg) 9.04 (IH, br s), 7.46 (IH, dd, 7 0.5, 9.3 
Hz), 7.25 (2H, m), 6.96 (2H, m), 6.89 (IH, apparent t, 72.9 Hz), 6.38 (IH, d, 79.3 Hz), 
5.63 (IH, apparent t, 72.3 Hz), 3.78 (3H, s). HPLC RT 2.608 minutes. 
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INTERMEDIATE 8 

(Phenyl)(pyiTolo[3.2-fc]pvridin-1-vl)in!ethanone 
5 By the method of Intermediate 1 using benzoyl chloride (596 sag, 4.42 mmol) in 

place of benzenesulphonyl chloride. Yellow crystalline solid (429 mg, 44%). 5h (de- 
DMSO) 8.60 (IH, m), 8.50 (IH, m), 7.79 (2H, m), 7.74 (2H, m), 7.63 (2H, m), 7.39 (IH, 
dd, J4.7, 8.3 Hz), 6.86 (IH, dd, J 0.6, 3.9 Hz). LCMS (BS^ RT 2.622 minutes, 223 
(M+H)"". 

10 

INTERMEDIATE 9 

( 4-Oxypyrrolo[3.2-fe]pyridin- 1 -yl)(phenyl)methanone 

From Intermediate 8 (429 mg, 1 .93 mmol) by the method of Intermediate 2. 
1 5 White foam (403 mg, 88%). 5h (de-DMSO) 8.28 (IH, d, 7 7.7 Hz), 8. 10 (IH, d, ^ 8-8 
Hz), 7.81 (2H, d, J7.7 Hz), 7.74 (IH, m), 7.67 (3H, m), 7.38 (IH, dd, J 6.4, 8.5 Hz), 6.98 
(IH, m). LCMS (ES") RT 2.612 minutes, 239 (M+H)*. 

INTERMEDIATE 10 

20 

l-Benzovl-l,4-dihvdro-5H-pmolo[3.2-£>"|p Y"'di'Ti-S-nTie 

Intermediate 9 (400 mg, 1.68 nomol) was dissolved in DMF (4 ml) and treated 
dropwise with TFAA (3.5 g, 16.8 mmol) then stirred at r.t. for 4 days. The reaction 
mixture was concentrated in vacuo, redissolved in ethanol, concentrated again, and finally 
25 azeotroped with heptane to remove the renaautung TFAA. The residue was partitioned 
between toluene and water, and the organic phase sqparated, dried (NqhSOa) and 
concentrated in vacuo to give ibs title confound as a white crystalline solid (218 tng, 
55%). 5h (ds-DMSO) 8.18 (IH, d,y9.6 Hz), 7.78-7.64 (3H, m), 7.64-7.51 (2H, m), 7.31 
(IH, d, 73.5 Hz), 6.30 (IH, m), 6.25 (IH, d, J9.7 Hz). HPLC RT 2.717minutes. 
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INTERMEDIATE 11 

4-Phenvl-l-fphenylsulfonvlV2-(pyrroHd ^^ -y^sulfonYl)-! A^^T^ vdrQ-Siy-pvrrolo[3.2- 
6]pyyidm-S-one 

A solution of Intermediate 4 (400 mg, 1.14 mmDl) in THF (6 ml) was cooled to 
-TS^C tinder nitrogen and treated dropwise with n-BuLi (1.6 M in hexanes, 0.86 ml, 1.37 
mmol) and stirred for 30 nmnutes. Snlphxir dioxide was blown tbrongh the reaction 
mixture at -78°C for 5 minutes and the reaction mixture was then allowed to warm to r.t 
The solvents were removed in vacuo and the residue suspended in DCM (10ml). N- 
Chlorosuccimide (203 mg, 1. 14 mmol) was added and the reaction stirred for 30 minutes, 
then treated with pyrrolidine (81 mg, 0.095 nd, 1 . 14 nmaol). After stirring for a further 30 
nmiutes the reaction was partitioned between water and DCM, and the organic phase was 
dried (Na2S04), concentrated and purified by chromatography (EtOAc, silica) to give the 
title compound (210 mg, 38%). LCMS Method B (ES^ RT 2.410 minutes, 484 (M+H*). 

INTERMEDIATE 12 

4-Phenyl"2"(pvirohdin-l-vlsulfonvl)-1.4-dihydrO"5iy-pyrrol^ 

Intermediate 1 1 (200 mg, 0.41 mmol) was suspended in 2M sodium hydroxide (10 
20 wl) and treated with sufficient MeOH to solubilise. The reaction was stirred at r.t. for 3 
days. The MeOH was removed in vacuo and the residual aqueous solution washed with 
DCM. After acidification with cone. HCl the product was extracted into DCM, and the 
organic phase dried (Na2S04) and concentrated in vacuo. Purification of the residue by 
chromatography (EtOAc, silica) gave the title compound (140 mg, 100%). 5h (de-DMSO) 
25 7.76 (IH, d, J9.6 Hz), 7.67-7.61 (2H, m), 7.58-7.55 (IH, m), 7.48-7.45 (2H, m), 6.51 
(IH, d, 79.6 Hz), 5.97 (IH, s), 3.22-3.17 (4H, m), 1.74-1.69 (4H, m). LCMS (ES^ RT 
2.801 minutes, 344 (M+H*). 

INTERMEDIATE 13 

30 

Ethvl f2Z^-2-hvdroxv-3-(3-mtropvridin-2-vnacrvlate 

Sodium metal (400 nig, 17.4 mmol) was added portionwise to EtOH (50 ml), 
followed by diethyl oxalate (2.4 ml, 17.4 mmol), and stirred at r.t. for 5 min. 2-Methyl-3- 
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nitropyridine (2.00 g, 14.6 mmol) was added, giving a deep piirple solution that changed 
over time to red-orange. After stirring for 3 days at r.t a red precipitate had formed 
which was collected by filtration and washed with ether (4 x 20 ml). The solid residue 
was suspended in wata: and the suspension acidified to pH 4 with AcOH, The resulting 
5 orange precipitate was collected by filtration, washed with ethauol (10 ml) and dried in 
vacuo to give the title compound (1 . 17 g, 34%). 5h (CDCfe) 8.77-8.75 (IH, m), 8.54-8.50 
(IH, m), 7.47-7.43 (2H, m), 4.48 (2H, q, J7.1 Hz), 1.49 (3H, t, J7,l Hz). LCMS (ES") 
RT 3.32 minutes, 239 (M+H^. 

10 INTERMEDIATE 14 

Ethyl lg-pvrrolo[3.2-&]pyridine-2-carboxvlate 

A mixture of Intermediate 13 (6.30 g, 26.5 nomol) and iron powder (325 mesh, 
13.3 g, 238.2 mmol) in BtOH (100 ml) and AcOH (100 xnl) was heated at reflux for 2 h. ■ ) 

1 5 Volatiles were removed in vacuo and toluene used to azeolrope excess AcOH (3 x 100 
ml). The hrown residue was suspended in BtOAc and passed through a plug of silica gel, 
eluting the desired product with EtOAc. Concentration of the eluent in vacuo gave the 
title compound as an off-white solid (4.32 g, 86%). 5h (db-MeOD) 8.33-8.30 (IH, m), 
7.84-7.80 (IH, m), 7.22 (IH, dd, J4.6, 8.4 Hz), 7.14 (IH, d, J0.9 Hz), 4.33 (2H, q, 77.1 

20 Hz), 1.33 (3H, t, J7. 1 Hz), LCMS Method C (ES^ RT 1.22 minutes, 191 (M+H^. 

INTERMEDIATE IS 

Ethyl 1 -benzyl- IH-pyrrolo [3 ,2-3]pyridine'-2-carboxvlate 

25 A solution of Intermediate 14 (200 mg, 1.05 mmol) in DMF (10 ml) was treated 

with sodium hydride (60% in mineral oil, 42 mg, 1 .05 mmol) at r.t until effervescence 
ceased. Afker cooling to O^^C, benzyl bromide (0. 13 ml, 1 .05 mmol) was added and the 
reaction stirred for 1 0 noinutes. The reaction mixture was partitioned between water and 
EtOAc (20 ml each) and extracted with EtOAc (20 ml). The combined organics were 

30 washed with brine (20 ml), dried (MgS04), filtered and concentrated in vacuo. 
Purification by chromatogr^hy (5%-20% MeOH in DCM, silica) gave the title 
compound as a yellow soKd (143 mg, 48%). 5h (CDCI3) 8.38-8.36 (IH, m), 7.50-7.46 
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(IH, m), 7.36 (IH, s), 7.20-7.01 (4H, m), 6.88-6.85 (2H, m), 5.69 (2H, s), 4.20 (2H, q, J 
7.1 Hz), 1.21 (3H, t, J7.1 Hz). LCMS (ES^ RT 3.16 minutes, 281 (M+H*). 

INTERMEDIATE 16 

5 

Ethyl l-benzvl-lg-pinTolo[3.2-&lpvri< ^^'nft-2-c.ar boxvlate 4-oxide 

A solution of Intermediate 15 (140 mg, 0.5 mmol) in THF (1 ml) at 0»C was 
treated with UHP (99 mg, 1.05 mmol). Slow addition of TFAA (0.15 ml, 1.05 mmol) 
was followed by stirring at O'C for 30 min. The reaction mixture was treated with dilute 

1 0 aqueous sodium thiosulfate solution (5 ml) for 30 min then acidified with dilute HCl. 
Extraction with DCM (2x5 ml), drying (MgS04), filtration and concentration in vacuo, 
then purification by chromatography (50% EtOAc in DCM-15% MeOH in EtOAc, silica) 
gave the title compound as ayellow solid (120 mg, 81%). 5h (CDCI3) 8. 14 (IH, d, J 8.5 
Hz), 7.68 (IH, s), 7.15-7.12 (4H, m), 7.08-6.95 (3H, m), 5.79 (2H, s), 4.29 (2H, q, J7.1 

1 5 Hz), 1 .30 (3H, t, J7. 1 Hz). LCMS Method C (ES^ RT 2.33 minutes, 297 (M+H*). 

INTERMEDIATE 17 

Ethvl l-benzvl-5-» vn-4.S-rfih vdro-ljy-pvrrolor3^-&1pvridine-2-ca rboxvlate 
20 A sohition of Inteiraediaite 16 (120 mg, 0.40 mmol) in DMF (1 ml) was treated 

with TFAA (0.57 ml, 4.05 mmol) and stirred at r.t. for 2 h. The reaction mixture was 
partitioned between EtOAc and NaHCOa (20 ml each) and the organics washed with 
water (5 ml), then brine (5 ml), dried (MgSO*), filtered and concentrated in vacuo to give 
the title compound. 5h (CDCI3) 7.47 (IH, d, J9.6 Hz), 7.16-7.25 (3H, m), 6.97-6.95 (3H, 
25 m), 6.46 (IH, d, 79.6 Hz), 5.71 (2H, s), 4.22 (2H, q, J7. 1 Hz), 1.26 (3H, t, J7.1 Hz). 
LCMS Method C (ES^ RT 2.25 minutes, 297 (M+H^. 

INTERMEDIATE 18 

30 Ethvl l-(^3-cMoro-4-fluorobeDzvl^-lH-pvrrolo[3J2- />]ryHdin e^2-carboxvlate 

From Intermediate 14 (1.00 g, 5.26 mmol) and 3-chloro-4-fluorobenzyl bromide 
(1 .30 g, 5.80 mmoO by the method of Intermediate 15. Purification by chromatography 
(20%-50% EtOAc in hexane, silica) gave the title confound (1 .09 g, 62%). 5h (CDCI3) 
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8.64-8.63 (IH, m), 7.67 (IH, d, J9.6 Hz), 7.57 (IH, s), 7.29-7.25 (IH, m), 7.16-7.04 (2H, 
m), 6.95-6.90 (IH, m), 5.81 (2H, s), 4.42 (2H, q, 77.1 Hz), 1.43 (3H, t, J7.1 Hz). LCMS 
(ES*) RT 3.36 minutes, 333 ['^Cl]:335 [^^Cl] 3:1 (M+H*). 

5 INTERMEDIATE 19 

Ethyl l-(3-chloro-4-fluorobenzyl)-lg-pvrrolo[3.2 -/?]pYriHiri e-2-carboxvlate 4-oxide 

From Intermediate 18 (1.09 g, 3.28 mmol), with UHP (650 mg, 6.89 mmol) and 
TFAA (0.97 ml, 6.89 mmol) by the method of Intermediate 16. Purification by 
1 0 chromatography (5%- 15% MeOH in EtOAc, silica) gave the title compound (920 mg, 

81%). 5h (CDCI3) 8.14-8.11 (IH, m), 7.68 (IH, s), 7.18-7.14 (IH, m), 7.04-6.90 (3H, m), 
6.81-6.76 (IH, m), 5.65 (2H, s), 4.24 (2H q, Jl. 1 Hz), 1.26 (3H, t, J7.1 Hz). LCMS 
Method C (ES^ RT 2.39 minutes, 349 [^^Cl]:351 [^'Cl] 3:1 (M+H*). 

15 INTERMEDIATE 20 

Ethvl l-(3-cMoro-4-ffaorobenzyl)-5-oxo-4.5-HiTiy HTr ^lif-piyn:olo[3.2-6]piy^ 
carboxvlate 

From Intermediate 19 (910 mg, 2.61 mmol) and TFAA (3.70 ml, 26. 1 mmol) by 
20 the method of Intermediate 17. Title compound required no further purification (886 mg, 
97%). 5h (CDCI3) 7.84 (IH, d, J9.6 Hz), 7.1 1-6.68 (3H, m), 6.82 (IH, s), 6.42 (IH, d, J 
9.6 Hz), 5.69 (2H, s), 4.23 (2H, q, J7.1 Hz), 1.23 (3H,t, J7.1 Hz). LCMS (ES") RT 3.22 
minutes, 349 [^^Cll:351 ["Cl] 3:1 (M+H*). 

25 INTERMEDIATE 21 

Ethvl l-('3-methvlbenzvR-lg-Tmrolo[3.2-^]pvndiiift.2..carboxvlate 

From Intermediate 14 (1.00 g, 5.26 mmol) and 3-methylbenzyl bromide (0.78 ml, 
5.80 mmol) according to the procedure for Intemiediate 15. Purification by 
30 chromatography (50% EtOAc in hexane, silica) gave the title compound (520 mg, 34%). 
6h (CDCI3) 8.38-8.36 (IH, m), 7.45 (IH, d, J9.6 Hz), 7.32 (IH, s), 7.03-6.82 (3H, n^, 
6.72-6.60 (2H, m), 5.63 (2H, s), 4.18 (2H, q, 77.1 Hz), 2.07 (3H, s), 1.19 (3H, t, 77.1 
Hz). LCMS (ES^ RT 3.16 minutes, 294 (M+lT). 
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INTERMEDIATE 22 

Ethyl l-(3-methylbenzyl)-lJy-pynrolo[3.2-fc]p^dine-2-(^^ 4-oxide 
5 From Xntermediate 21 (520 mg, 1.77 mmol), using UHP (350 nog, 3.71 mmol) and 

TFAA (0.53 ml, 3.71 mmol) according to the procedure for Intermediate 16. Purification 
by chromatogr£5)hy (2%-15% MeOH in EtOAc, silica) gave the title compound (455 mg, 
83%). 5h (CDCaa) 8.18-8.14 (IH, m), 7.73 (IH, s), 7.28-7.21 (IH, m), 7.14-6.98 (3H, m), 
6.76-6.73 (2H, m), 5.75 (2H, s), 4.29 (2H q, 77.1 Hz), 2.20 (3H, s), 1.31 (3H, t, J7A Hz). 
1 0 LCMS (ES^ RT 2.36 minutes, 31 1 (M+H^. 

INTERMEDIATE 23 

Tf^h y} 1 -(3-TT>etKylbenzyl)-5-oxo-4,5-H iTiyrlTn-1 f f-pyrrolo[3.2-fc]pyridiP R-9--cflrhr)yv1ate 
15 FromlotenDediate 22 (450 mg, 1.45 mmol) using TFAA (2.05 ml, 14.5 mmol) 

according to the procedure for Intermediate 17. Title compound required no fiirther 
purification (354 mg, 79%). 6H(CDCfe) 7.80 (IH, d, J 9.6 Hz), 7.12-7.09 (IH, m), 7.03- 
7.00 (IH, m), 6.84 (2H, s), 6.78-6.76 (IH, m), 6.41 (IH, d, J9.6 Hz), 5.76 (2H, s), 4.29 
(2H, q, J7.1 Hz), 2.23 (3H, s), 1.29 (3H, t, J7.1 Hz). LCMS (ES^^ RT 3.14 minutes, 311 
20 (M+H*). 

INTERMEDIATE 24 

Ethvl 1 -(3-chlorobenzyl)- lH-pyrrolo[3 .2-Z>]pyridine-2-carboxvlate 
25 From Intermediate 14 (1 .00 g, 5.26 mmol), using 3-chlorobenzyl bromide (0.76 

ml, 5.80 mmol) according to the procedure for Intermediate 15. Purification by 
chromatography (30% EtOAc in hexane, silica) gave the title compound (833 rng, 50%). 
5h (CDCI3) 8.50-8.47 (IH, m), 7.65 (IH, m), 7.45 (IH, s), 7.14-7.06 (3H, m), 6.91-6.90 
(IH, m), 6.78-6.75 (IH, m), 5.69 (2H, s), 4.24 (2H, q, J 7.1 Hz), 1.26 (3H, t, J7.1 Hz). 
30 LCMS (BS*) RT 3.29 minutes, 315 [^^a]:317 [^^Q] 3:1(M+H^. 
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INTERMEDIATE 25 

Ethyl l-(3-cMc)robenzvl)-lH-pwolo[ 3^2-^]pYriHin e-2-carboxvlate 4-oxidfi 

From Intermediate 24 (830 mg, 2.64 mmol), using UHP (522 mg, 5.55 mol) and 
5 TFAA (0.79 nH, 5.55 mmol) according to the procedure for Intermediate 16. Purification 
by chromatography (2%-10% MeOH in EtOAc, silica) gave the title compound (309 mg, 
35%). 5h (CDOa) 8.17-8. 14 (IH, m), 7.69 (IH, s), 7.21-7.07 (4H, m), 6.96-6.82 (2H, m), 
5.75 (2H, s), 4.29 (2H, q, 77.1 Hz), 1.31 (3H, t, J7.1 Hz). LCMS (ES"*) RT2.38 
minutes, 331 [^^Cl]:333 [^'Q] 3:1 (M+H*). 

10 

INTERMEDIATE 26 

Ethyl l-(3-chlorobenzyl)-5-oxo-4.5-dihvdro-lH-pvrrolo[3, 2-^]pyridi ne-2-carboxylate 
From Intermediate 25 (300 mg, 0.91 mmol) using TFAA (1.30 ml, 9.10 mmol) 
1 5 according to the procedure for Intermediate 17. The title compound required no further 
purification (372 mg, 100%). 5h(CDC]3) 7.25-7.15 (2H, m), 7.16 (IH, d, J 9.6 Hz). 6.96 
(IH, s), 6.86-6.80 (2H, m), 6.46 (IH, d, J 9,6 Hz), 5.67 (2H, s), 4.24 (2H, q, /7.1 Hz), 
1.28 (3H, t, J7.1 Hz). LCMS (ES*) RT 3.19 minutes, 331 [^'Cl]:333 ["O] 3:1 (M+H*). 

20 INTERMEDIATE 27 

1 -f 3-Chloro-4-fluorobenzvl)-5-oxo-4-phenyl-4. 5-dihydro- lif-pyrrolo[3 .2-fe]pyridiTi e-2- 
carboxylic acid 

Example 24 (104 nag, 0.24 mmol) was treated with IM sodiiun hydroxide (0.24 
25 ml, 0.24 mmol) in EtOH (0.5 ml) under reflux for 4 hours. EtOH was removed in vacuo 
and the residue treated with 2M HCl, producing a white precq>itate. This was collected 
by filtration, washed with water (1 mO and Et20 (1 ml), and dried in vacuo to give the 
title compound (80 mg, 82%) which required no further purification. 5h (d^-DMSO) 8.09 
(IH, d, 79.7 Hz), 7.64-7.42 (7H, m), 7.17-7.12 (IH, m), 6.55 (IH, d, 79.7 Hz), 6.21 (IH, 
30 s), 5.88 (2H, s). LCMS (ES^ RT 3. 1 1 minutes, 397 [^Cl]:399 [^^Cl] 3: 1 (M+H*). 
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INTERMEDIATE 28 



l-(3-MetfaylbeiizyI)-5-oxo-4-pheQyl- 4^5-Hi1iYr ^^ 
acid 

5 Bxaa5)le 25 (261 mg, 0.67 nnnol) was treated with lithium hydroxide (85 mg, 

2.02 rmnol) in EtOH and water (2 ml each) at r.t. overnight, followed by reflux for 4 
hours. EtOH was removed in vacuo and the residue treated with 2M HCl, producing a 
white precipitate. This was collected by filtration, washed with water (2 ml) and Et20 (4 
ml), and dried in vacuo to give the title compound (228 mg, 94%) which required no 
1 0 further purification. 5h (de-DMSO) 7.94 (IH, d, J9J Hz), 7.60-7,50 (3H, m), 7.47-7.39 
(2H, m), 7.19 (IH, t, J 7.5 Hz), 7.06 (IH, d, J8.7 Hz), 7.00 (IH, s), 6.86 (IH, d, 7 7.3 
Hz), 6.42 (IH, d, J9.7 Hz), 6.09 (IH, s), 5.81 (2H, s), 2.26 (3H, s). LCMS (ES") RT 3.01 
minutes, 359 (M+H^. 

15 INTERMEDIATE 29 



l-(3-<aiorobenzvlV5-oxo-4-phenyl-4>5-dihydro-lg-pvrrolo[3,2-6 
acid 

Example 26 (3 10 mg, 0.76 mmol) was treated with lithium hydroxide (96 mg, 
20 2.29 mmol) in BtOH and water (2 xxH each) at r.t. overnight. EtOH was removed in vacuo 
and the residue treated with 2M HCl, producing a white precipitate. This was collected 
by filtration, washed with water (2 ml) and Et20 (4 nal), and dried in vacuo to give the 
title compound (258 mg, 89%) which required no further purification. 5h (de-DMSO) 
8.22 (IH, d, J9J Hz), 7.83-7.54 (7H, m), 7.46 (IH, s), 7.26-7.24 (IH, m), 6.68 (IH, d, J 
25 9.7 Hz), 6.35 (IH, s), 6.06 (2H, s). LCMS (ES^ RT 3.08 minutes, 379 [^^Cl]:381 [^^Cl] 
3:1 (M+H^. 



INTERMEDIATE 30 



30 l-f3-CMorobenzvn-4-flg>indol-5-vlVS-oxo-4,5-dihvdro-lH-pvn-Ql^ 
carboxvlic acid 

IM sodium hydroxide solution (0.75 ml, 0.75 mmol) was added to a suspension of 
Example 39 (243 mg, 0,55 mmol) in EtOH and water (2 ml each) and heated at reflux 
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ovemight. The reaction mixture was concentrated in vacuo giving fhe title compound 
(245 mg, 100%), which was used without further purification. 5h (de-DMSO) 7.54 (IH, 
d, 79.5 Hz), 7.46-7.37 (3H, m), 7.28-7.12 (4H, m), 6.90 (IH, dd, J 8.5, 2.0 Hz), 6.42 (IH, 
d, 73.0 Hz), 6.05 (IH, d, J9.5 Hz), 5.96 (IH, s), 5.67 (2H, s). LCMS (ES^ RT 3.02 
5 minutes, 418 [^^Cl]:420 [^^Cl] 3: 1 (M+H*). 

INTERMEDIATE 31 

Ethyl 1 -(4-fluoro-3-methylbepzyl)- liy-pyrrolo[3.2-f>]pyridine-2-carboxylate 
1 0 From Intermediate 14 (1.0 g, 5.26 mmol) using 4-fluoro-3-methyIbenzyl bromide 

(1 . 18 & 5.80 mmol) according to the procedure for Intermediate 15. Purification by 
chromatography (5%-10% EtOAc in DCM, silica) gave the title compound (670 mg, 
40%). 5h (CDCI3) 8.61 (IH, d, 74.4 Hz), 7.68 (IH, d, 7 8.5 Hz), 7.55 (IH, s), 7.24 (IH, 
d4 74.4, 8.5 Hz), 6.96-6.81 (3H, m), 5.79 (2H, s), 4.39 (2H, q, 77.1 Hz), 2.20 (3H, d, 7 
15 1.6 Hz), 1.41 (3H,t, 77.1 Hz). LCMS (ES*) RT 3.20 minutes, 313 (M+H^. 

INTERMEDIATE 32 

Ethyl 1 -(4-fluoro-3-methylbeiizyI)- liy-pyrrolo[3 ,2-^]pvridiiie-2-carboxvlate 4-oxide 
20 From Intermediate 3 1 (630 nag, 2.02 mmol) according to the procedure for 

Intermediate 16. Purification by chromatography (10% MeOH in EtOAc, silica) gave the 
title compound (680 mg, 100%). 6h (CDCI3) 8.23 (IH, d, 76.0 Hz), 7.45 (IH, s), 7.32 
(IH, d, 78.5 Hz), 7.17 (IH, dd, 76.0, 8.5 Hz), 6.97-6.84 (3H, m), 5.81 (2H, s), 4.40 (2H, 
q,77.1 Hz), 2.23 (3H, d,7 1.6 Hz), 1.41 (3H,t,77.1 Hz). LCMS (ES") RT 3.13 minutes, 
25 329 (M+H*). 

INTERMEDIATE 33 

Ethvl l-f4-fluo TO-3-rnefh ylbenzyl)-5-OXO-4.5-H iTivHrrwlff- pyrrolo[3 -2-/>]pyriHiiip^^^^ 
30 carboxvlate 

From hitermediate 32 (680 mg, 2.07 mmol), according to the procedure for 
Intennediate 17. The title compo«nc? required no further purification (680 mg, 100%). 5h 
(CDCI3) 8.16 (IH, d, 79.7 Hz), 7.26-7.18 (2H, m), 7.04-6.99 (IH, m), 6.83 (IH, s), 6.47 
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(IH, d, J9.7 Hz), 5.87 (2H, s), 4.42 (2H, q, 77.1 Hz), 2.33 (3H, s), 1.43 (3H, t,y7.1 Hz). 
LCMS (ES^ RT 3.29 minutes, 329 (M+H*). 

INTERMEDIATE 34 

5 

1 -(PhenylsulfonyI)-4-(3-thienyl)- 1 .4-< ;1iTiy^T9-'> ^-pynrolo[3 ,?--fr]pyriHiTi-5-<>ne 

From IntermBdiate 3 (5.0 g, 18.2 mmol) using 3-thiopheneboronic acid (5 g, 36.5 
mmol) according to the procedure for Bscample 23. Purification by cliromatography (S%- 
20% BtOAc inDCM, silica) gave the title compound (1.23 g, 19%). 5h (4-MeOD) 8.28 
10 (IH, d, 79.7 Hz), 8.00 (2H, d, J 8.0 Hz), 7.74-7.68 (2H, m), 7.62-7.55 (4H, m), 7. 1 1-7.08 
(IH, m), 6.51 (IH, d, 79.7 Hz), 6.09 (IH, d, 73.6 Hz). LCMS (ES^ RT 3.22 minutes, 
357 (M+H^. 

INTERMEDIATE 35 

15 

4-(3-TMenvl)-1.4 -diTiY<^f"- 5g-pvrrolop ,'?^-^]pyHHiTi -5-one 

From Intermediate 34 (1 .20 g, 3.37 mmol), according to the method of 
Intermediate 5. The title compound required no further purification (680 mg, 94%). 5h 
(i-MeOD) 8.02 (IH, d, 79.3 Hz), 7.87-7.82 (2H, m), 7.44-7.40 (2H, m), 6.61 (IH, d, 7 
20 9.3 Hz), 6.07-6.06 (IH, m). LCMS (ES*) RT 2.44 minutes, 217 (M+H*). 

INTERMEDIATE 36 

Ethyl 1 -(2-cyanobenzyl)- liy-pyrrclo [3 ,2- j!)]pyridine-2-carboxylate 
25 From IntOTnediate 14 (1 .0 g, 5.26 mmol) using 2-cyanobenzyl bromide (1. 14 g, 

5.80 mmol) according to the procedure for Intermediate 15. Purification by 
chromatography (5%-10% EtOAc in DCM, silica) gave the title compound (600 mg, 
37%). 5h (CDCla) 8.79 (IH, br s), 7.90-7.87 (IH, m), 7.79-7.76 (2H, m), 7.58-7.39 (3H, 
m), 6.73 (IH, d, 77.6 Hz), 6.23 (2H, s), 4.53 (2H, q, 77.1 Hz), 1.54 (3H, t, 77.1 Hz). 
30 LCMS (ES'*)RT 2.92 minutes, 306 (M+H*). 
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INTERMEDIATE 37 

Etbvl l-(2-cvanobenzvl)-lH-pvn:olof 3,2-fe]pi y ri,di ne-^ 4-oxide 

From Inteniiediate 36 (600 mg, 1.97 mtnol) accordmg to the method of 
5 Interaiediate 16. Purification by chromatography (5%-10% MeOH in EtOAc, silica) gave 
the title compound {600 mg, 100%). 5h (CDCfe) 8.02 (IH, d, J6.0 Hz), 7.62 (IH, s), 7.54 
(IH, d, J7.5 Hz), 7.28-7.16 (2H, m), 7.04-6.94 (2H, m), 6.42 (IH, d, J7.5 Hz), 5.88 (2H, 
s), 4.16(2H, q,y7.1 Hz), 1.17 (3H, t, 77.1 Hz). LCMS (ES^)RT2.81 minutes, 322 
(M+H^. 

10 

INTERMEDIATE 38 

Ethyl l-(2-cyanobenzvl)-5-oxo-4.5-dihydro-lg-pyrrolo[3 ,2-^]pyriHiii e-2-carboxyl^ 
From Intermediate 37 (680 mg, 2.07 mmol) according to the procedure for 
1 5 Intermediate 17. The title compound required no forther purification (680 mg, 100%). 5h 
(CDCI3) 7.74-7.81 (2H, m), 7.41 (IH, dt, J7.7, 1.3 Hz), 7.27-7.32 (IH, m), 6.58 (IH, s), 
6.27 (IH, d, J7-7 Hz), 6.18 (IH, d, J9.7 Hz), 5.81 (2H, s), 4.02 (2H, q, J7.1 Hz), 1.04 
(3H, t, J7. 1 Hz). LCMS (ES*) RT 2.88 minutes, 322 (M+H*). 

20 INTERMEDIATE 39 

Ethvl l-f2-cyanobenzyl)-5-oxo-4-phenvl-4.5-dihvdro-li/-pyrrolo[3.2-/>]p vridme-7.- 
carboxylate 

From Intermediate 38 (630 nig, 1 .96 mmol), using phenylboronic acid (488 mg, 
25 4.00 mmol), according to the procedure for Example 23. Purification by chromatography 
( 1 0%-50% EtOAc in DCM, silica) gave the title compound (370 n^, 47%). 6h (db- 
MeOD) 7.88 (IH, d, J 9.7 Hz), 7.75 (IH, dd, J 1.3, 7.6 Hz), 7.62-7.46 (4H, m), 7.40-7.36 
(3H, m), 6.61 (IH, d, J7.8 Hz), 6.55 (IH, d, J9.7 Hz), 6.31 (IH, s), 6.01 (2H, s), 4.14 
(2H, q, J7.1 Hz), 1.14 (3H, t, J7A Hz). LCMS (ES*) RT 3.41 minutes, 398 (M+H*). 

30 
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INTERMEDIATE 40 

l-(2-Cyanobenzyl)-5-oxo-4-phenyl-4 -5S-diTiy<^r o-lH-pv^ 
acid 

5 From Intennediate 39 (337 mg, 0.8S mmol) according to the procedure of 

Intermediate 30. 6h (dc-DMSO) 7.84 (IH, dd, J 1.1, 7.7 Hz), 7.65 (IH, d, J9.5 Hz), 7.60- 
7.36 (7H, m), 6.47 (IH, d, J7.7 Hz), 6.26 (2H, s), 6.14 (IH, d, J9.5 Hz), 5.84 (IH, s). 
LCMS (ES^ RT 2.80 minutes, 370 (M+H^. 

10 INTERMEDIATE 41 

l-(4-Huoro-3-methylbenzyn-5-Qxo-4-phcpy1-4, 5-Hih ydro-lif-pyn:olo[3-2-A]p^^ 
caiboxylic acid 

From Example 42 (541 mg, 1.34 mmol) according to the procedure of 
1 5 Intermediate 30. The title compound reqaked no furtibier purification (360 nig, 100%). 5h 
(de-DMSO) 7.76 (IH, d, /9.5 Hz), 7.65-7.50 (3H, m), 7.42-7.40 (2H, m), 7.28 (IH, d, J 
7.7 Hz), 7.17-7.06 (2H, m), 6.19 (IH, d, J 9.5 Hz), 6.03 (2H, s), 5.82 (IH, s), 2.23 (3H, s). 
LCMS (J3S*) RT 3.04 minutes, 377 (M+H*). 

20 INTERMEDIATE 42 

1 -(3 -ChlorobeDzvl^-4-(4-metfaylphenylV5-oxn-4,5-rlihvdro- l.H"-pyrrolo[3 .2-/>]pyriflin e-2- 
carboxvlic acid 

From Exan^le 44 (300 mg, 0.71 mmol) according to the procedure of 
25 Intermediate 30. The title compound required no further purification (315 mg, 100%). 5h 
(dd-DMSO) 7.95 (IH, d, J9.5 Hz), 7.59-7.40 (8H, m), 6.48 (IH, d, y 9.5 Hz), 6.25 (2H, 
s), 5.99 (IH, s), 2.62 (3H, s). LCMS (ES"*) RT 3.16 minutes, 393 [^Cl]:395 [^^Cl] 3:1 
(M+H*). 



30 
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INTERMEDIATE 43 

l-BeDzvl-lH-pyrrolo[3,2-fc ]pyriHfflft 

A solution of lH-pyirolo[3,2-6]pyridine (1.30 g, 9.42 mmol) in DMF (15 ml) was 
5 treated with sodium hydride (60% in mineral oil, 434 mg, 113 mmol) at r.t until 
effervescence ceased. After cooling to 0®C benzyl bromide (1.68 ml, 14.1 nmiol) was 
added and the reaction warmed at 60X overnight. The reaction mixture was partitioned 
between water and EtOAc (50 ml each) and extracted with EtOAc (50 ml) . The 
combined organics were washed with brine (20 ml), dried (MgS04), filtered and 
1 0 concentrated in vacuo to give the title compound as a brown oil (1 .20 g, 58%). 6h 

(CDCI3) 8.39 (IH, d, y 4.4 Hz), 7.48 (IH, d, ^8.2 Hz), 7.30 (IH, d, J3A Hz), 7.26-7.18 
(3H, m), 7.04-6.69 (3H, m), 6.67 (IH, d, 7 4.4 Hz), 5. 1 1 (2H, s). LCMS (ES"^ RT 1.56 
min, 209 (M+H^. 

15 INTERMEDIATE 44 

l-BeD2ryl-ljFf-pvrrolo[3,2- A>]pYriHtn e 4-oxide 

From Litermediate 43 (1 .20 g, 5.50 mmol) according to the procedure for 
Intermediate 9. The title compound required no further purification (1.23 g, 100%). 5h 
20 (CDCI3) 8.10 (IH, d, J 6.0 Hz), 7.22-7.27 (5H, m), 7.10-7.09 (2H, m), 7.01-6.99 (2H, m), 
5.25 (2H,s). LCMS (ES*^ RT 2.61 min, 225 (M+H*). 

INTERMEDIATE 45 

25 1 -Benzvl-3-(trifluoroacetyl)- 1 .4-dihydrO'-5 jy-pvrrolor3 ,2-fe]pvridin-5-one 

A solution of Intermediate 44 (1.23 g, 5.50 mmol) in DMF (20 ml) was treated 
with TFAA (7.75 ml, 55.0 mmol) at (fC. The reaction mixture was stirred at r.t. for 3 h. 
The reaction mixture was concentrated in vacuo^ with use of a hot (approx 60**C) water- 
bath Purification by chromatography (80% BtOAc in hexane to neat EtOAc, siUca) gave 

30 the title compound (560 mg, 45%). 5h (CDCls) 7.88 (IH, s), 7.52 (IH, d, /2.0 Hz), 7.30- 
7.25 (3H, m), 7.05-7.03 (2H, m), 6.36 (IH, d, J9.0 Hz), 5.16 (2H, s). LCMS (ES^ RT 
3.12 min, 321 (M+H*). 
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EXAMPLE 1 

l-Benzyl-4-phenvl-l .4-dihvdro-Sif-pvn:olo[3 ,?-/)1pYridin -S-one 

Inteniiediate S (140 rag, 0.67 mmol) was added to sodium hydride (60% 
5 suspension in mineral oil, S3 wg, 1 .33 mmol) suspended in THF (2 ml). Benzyl chloride 
(125 mg, 0.73 mmol) was added and the reaction stirred at r.t. for 30 minutes. The 
reaction mixture was concentrated in vacuo and purification by chromatography (gradient 
elution DCM-BtOAc, silica) gave the title compound (168 mg, 84%). 6h (CDCI3) 7.56 
(2H, m), 7.46 (4H, m), 7.38 (3H, m), 7. 17 (2H, m), 6.92 (IH, d, J 3.0 Hz), 6.44 (IH, d, / 
1 0 9.5 Hz), 5.68 (IH, d, J2J Hz), 5.25 (2H, s). LCMS (BS"^ RT 3.241 minutes, 301 
(M+H)*. 

EXAMPLES 2 TO 5 

1 5 The compounds of Exaniples 2-5 were made by a similar procedure to the 

conpound of Bsanaple 1, using Intermediate 5 and the £^>propriate substituted benzyl 
chloride. 



EXAMPLE 2 

20 

l-(3-CMorobenzyl)-4-phenyl-1.4-dihydro-5i/-pvrrolo[3.2-fc]pyridin-5-one 

5h (CDCI3) 7.49 (2H, m), 7.36 (4H, m), 7.23 (2H, m), 7.06 (IH, d, 7 0.7 Hz), 6.94 
(IH, m), 6.84 (IH, d, 73.0 Hz), 6.36 (IH, d, J 9.6 Hz), 5.61 (IH, dd, 70.6, 3.0 Hz), 5.12 
(2H, s). LCMS (BS^ RT 3.418 minutes, 335 (M+H)*. 

25 

EXAMPLE 3 



l-(4-FlaoTobenzvI^-4-pheny1-1-4-diTivdro-5H-p^olo[3.2-A>]pyridin-5-n^ 

6h (CDCI3) 7.48 (2H, m), 7.37 (4H, m), 7.09 (2H, m), 7.00 (2H, m), 6.83 (IH, d, J 
30 3.0 Hz), 6.37 (IH, d, 79.5 Hz), 5.61 (IH, d, 73.0 Hz), 5.14 (2H, s). LCMS (ES*) RT 
3.252 minutes, 319 (M+H)*. 
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EXAMPIJE4 

1 -f 2.6-Dichlorobenzvn-4-pb ftnYl-1 A<^iTiYHrrwSWi. pvrrolof3.2-£>Tpvridm-5-one 

5h (CDCh) 7.61 (IH, d, J 9.5 Hz), 7.43 (2H, m), 7.32 (5H, m), 7.21 (IH, m), 6.65 
5 (IH, d, J3.1 Hz), 6.40 (IH, d, J9.5 Hz), 5.49 (IH, d, J3.1 Hz), 5.38 (2H, s). LCMS 
(ES^ RT 3.552 minutes, 369 (M+H)^ 

EXAMPLES 

10 l-f3-MethoxybenzyD-4-pheiivl-1 ,4-dihy H ro-5H-pyrrolo[3,2-£)]pyridin-5-one 

§H (CDOa) 7.48-7.46 (2H, m), 7.45-7.34 (4H, m), 7.23-7.19 (IH, m), 6.83 (IH, d, 
J3.0 Hi), 6.78 (IH, dd, J2.4, 8.3 Hz), 6.66 (IH, d, J7.6 Hz), 6.60 (IH, s), 6.34 (IH, d, J 
9.5 Hz), 5.58 (IH, d, J3.0 Hz), 5.11(2H, s), 3.71 (3H, s). LCMS (ES"^ RT 3.239 
minutes, 331 (M+H)*. 

15 

EXAMPLE 6 

l-Benzyl-4-(4-methoxvphenyl)-1.4 -HihYHrn -5iy-pyrrolo[3.2-&]p ynt^ 

The title compound (9 mg) was prepared in a similar manner to the conq)ound of 
20 Example 1 from Intermediate 7 (30 mg, 0. 125 mmol) and benzyl chloride (1 8 mg, 0. 14 
mmol). 6h (CDCI3) 7.34 (IH, d, 77.7 Hz), 7.28 (5H, m), 7.10 (2H, d, J4.4 Hz), 6.98 
(2H, d, J 6.6 Hz), 6.82 (IH, d, J2.2 Hz), 6.33 (IH, d, J7.7 Hz), 5.60 (IH, d, J2.2 Hz), 
5.15 (2H, s), 3.80 (3H, s). LCMS (BS") RT 3.304 minutes, 331 (M+H)"". 

25 EXAMPLE 7 

1 -Bemz:OYl-4-phenyl-l .4-d Thyflrn-S ff-pyrrolo[3 7--/»]pyriHin-5-nTie 

The title compovind (146 mg) was prepared, in a similar manner to Intermediate 4, 
from Intermediate 10. 5h (de-DMSO) 8.32 (IH, d, J9.8 Hz), 7.75 (3H, m), 7.59 (5H, m), 
30 7.40 (2H, dd, J 1.5, 8.4 Hz), 7.30 (IH, d, 73.7 Hz), 6.43 (IH, d, 79.8 Hz), 5.81 (IH, dd, J 
0.3, 4.1 Hz). LCMS (ES"^ RT 3.299 minutes, 315 (M+H)"^. 
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EXAMPLES 

4-[(5-Oxo-4-phenyl-4.S-dihydro-lg-piyiTolo[3.2- ^]rY^^ 

Fromlntenxiediate S (ISO mg, 0.71 mmol) and 4-cyanobeiizyl bromide (139 mg, 
5 0.71 mmol) according to the procedure for Exaniple 6, to give the title compound (151 
mg, 65%). 5h (dfi-DMSO) 7.59 (2H, d, 78.2 Hz), 7.50-7.45 (2H, m), 7.41-7.34 (3H, m), 
7.26 (IH, d, J9.1 Hz), 7.13 (2H, d,y8.1 Hz), 6.83 (IH, d,J3.0 Hz), 6.35 (IH, d, J9.5 
Hz), 5.64 (IH, d, J2.7 Hz), 5.21 (2H, s). LCMS (ES^ RT 3.018 nrinutes, 326 (M+tf). 

10 EXAMPLE 9 

3-[(5-Oxo-4-phenyl-4.5-dihydro- lH-pyrrolo[3 .2-fe]pyridin-l -yl)methyl]beiizonitrile 

From Intermediate 5 (150 mg, 0.71 mmol) and 3-cyanobenzyl bromide (139 nog, 
0.71 mmol) according to the procedure for EKanq>le 6, to give the title compound (148 
1 5 mg, 64%). 5h (CDCfe) 7.55 (IH, d, J7.7 Hz), 7.50-7.36 (6H, m), 7.33 (IH, s), 7.28 (2H, 
d, 79.0 Hz), 6.83 (IH, d, 73.0 Hz), 6.36 (IH, d, 79.6 Hz), 5.65 (IH, dd, 71.3, 2.4 Hz), 
5.19 (2H, s). LCMS (BS"^ RT 3.021 minutes, 326 (M+H*). 



20 



EXAMPLE 10 



l-(2-MethyIbenzyl)-4-phenyl-1.4-dihydro-5£f-pvrroIo[3.2-£>]pvridin-5-one 

From Intermediate 5 (150 mg, 0.71 mmol) and 2-methylbenzyl bromide (131 mg, 
0.71 mmol) according to the procedure for Example 6, to give the title compound (129 
mg, 58%). 5h (CDOa) 7.59-7.54 (2H, m), 7.49-7.45 (4H, m), 7.30-7.19 (3H, m), 6.88 
25 (IH, d, 77.5 Hz), 6.79 (IH, d, 73.0 Hz), 6.44 (IH, d, 79.5 Hz), 5.66 (IH, d, 73.0 Hz), 
5.22 (2H, s), 2.33 (3H, s). LCMS (ES^ RT 3.373 minutes, 315 (M+H*). 

EXAMPLE 11 

30 l-(3-MetfayIben2ylM-phenvl-l/-diTiyHrn-5g-pyrrolo[3^-fe]p vridiTi-5-^Tift 

From Intermediate 5 (150 ing, 0.71 mmol) and 3-methyIbenzyl bromide (131 mg, 
0.71 mmol) according to the procedure for Example 6, to give the title compound (146 
n^g, 65%). 5h (CDCU) 7.58-7.54 (2H, m), 7.48-7.44 (4H, m), 7.29-7.25 (IH, m), 7.15 
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(IH, d, J7.6 Hz), 7.00-6.96 (2H, m), 6.91 (IH, d,/ 3.0 Hz), 6.43 (IH, d, J9.5 Hz), 5.67 
(IH, 4 J3.0 Hz), 5.20 (2H, s), 2.37 (3H, s). LCMS (ES*) RT 3.363 xninutes, 315 
(M+H*). 

5 EXAMPLE 12 

l-(4-Mellivlbenzyl)-4-phenyl-1.4-dihvdro-5g-pyiTolof3.2-^ ]pyr^'^ 

From Intermediate 5 (150 mg, 0.71 mmol) and 4-methylbenzyl bromide (131 mg, 
0.71 mmol) according to the procedure for Example 6, to give the title compound (142 
1 0 mg, 64%). 5h (CDOs) 7.48-7.44 (2H, m), 7.39-7.34 (4H, m), 7.09 (2H, d, J 7.9 Hz), 6.98 
(2H, d, J8.2 Hz), 6.81 (IH, d, y 3.0 Hz), 6.33 (IH, d, J9.4 Hz), 5.57 (IH, dd, 7 0.6, 3.0 
Hz), 5.10 (2H, s), 2.27 (3H, s). LCMS (ES") RT 3.376 minutes, 315 (M+H*). 

EXAMPLE 13 

15 

l-(4-CMorobenzyl)-4-pheiTy1-1-4-diTiydro-5if-pyrrolo[3.7 -fe]ry^ 

From Intermediate 5 (150 mg, 0.71 mmol) and 4-chlorobenzyl bromide (146 mg, 
0.71 mmol) according to the procedure for Example 6, to give the title compound (158 
mg, 67%). 5h (CDCfe) 7.57-7.54 (2H, m), 7.49-7.34 (6H, m), 7.09 (2H, d, J8.3 Hz), 6.90 
20 (IH, d, y3.0 Hz), 6.43 (IH, d, J9.5 Hz), 5.69 (IH, d, J 3.0 Hz), 5.21 (2H, s). LCMS 
(ES*) RT 3.383 minutes, 335 (M+H*). 

EXAMPLE 14 

25 1 -(3.4-Dichlorobenzyl)-4-phenyl- 1 .4-dihydro-5.g-pyrrolo[3 .2-Z?]pvridm-5-one 

From Intermediate 5 (150 mg, 0.71 mmol) and 3,4-dichlorobenzyl bromide (170 
mg, 0.71 mmol) according to the procedure for j^ample 6, to give the title compound 
(173 mg, 66%). 5h (CDCfe) 7.59-7.55 (2H, m), 7.49-7.43 (5H, m), 7.41-7.26 (IH, m), 
6.97 (IH, dd, J2. 1, 8.2 Hz), 6.90 (IH, d, J3.0 Hz), 6.45 (IH, d, J 9.6 Hz), 5.71 (IH, d, J 

30 3.0 Hz), 5.20 (2H, s). LCMS (ES^ RT 3.531 minutes, 369 (M+H*). 
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EXAMPLE 15 

1 -(2.5-Dichlorobenzyl)-4-pheiivl-1 -4-f^iTwHro-5H-pyirolor3.2-6'{pvridin-S-one 

From Intermediate 5 (150 mg, 0.71 mmol) and 2,5-dicMorobenzyl bromide (170 
5 mg, 0.71 nomol) according to the procedure for Exan:q>le 6, to give the title compound 
(147 mg, 40%). 6h (CDCfe) 7.62-7.52 (2H, m), 7.50-7.36 (5H, m), 7.30-7.27 (IH, m), 
6.92 (IH, d,y3.0Hz), 6.78 (IH, d,y3.4 Hz), 6.48 (IH, d, J9.5 Hz), 5.74 (IH, d, 73.0 
Hz), 5.31 (2H, s). LCMS (ES^ RT 3.525 minutes, 369 (M+H^). 

10 EXAMPLE 16 

1 -(3 .4-Pifluorobeiizyl)-4-phenyl- 1 .4-dihvdro-5H'-pYiTolo[3 .2-A>]pyridin-5-fvne 

Rrom Intermediate 5 (150 mg, 0.71 mmol) and 3,4-difluorobenzyl bromide (147 
mg, 0.71 mmol) according to the procedure for Example 6, to give the title compound 
15 (154 mg, 64%). §h (CDCb) 7.59-7.54 (2H, m), 7.50-7.39 (4H, m), 7.22-7. 15 (IH, m), 
7.02-6.89 (3H, m), 6.45 (IH, d, J 9.5 Hz), 5.71 (IH, d, J3.0 Hz), 5.20 (2H, s). LCMS 
(ES*) RT 3.241 minutes, 337 (M+H*). 



20 



EXAMPLE 17 



l-(2.4-DifluorobeDzvlV4-phenvl-1 ■4-Hihvdro-5jy-pvrrolof3.2-ft1pynVlin-5-mie 

From Intermediate 5 (150 mg, 0.71 mmol) and 2,4-difluorobenzyl bronaide (147 
mg, 0.71 mmol) according to the procedure for Example 6, to give the title compound 
(138 mg, 58%). 5h (CDCI3) 7.57-7.48 (3H, m), 7.47-7.41 (3H, m), 7.05-7.01 (IH, m), 
25 6.99-6.86 (3H, n^. 6.47 (IH, d, J 9.5 Hz), 5.68 (IH, d, J 2,9 Hz), 5.24 (2H, s). LCMS 
(BS^ RT 3.257 mmutes, 337 (M+H*). 

EXAMPLE 18 

30 l-(3-CMoro-4-fluorobenzyI)-4-phenvl-1.4-HiTivHm-5g-pyrrolo[3.2-^]pvddin-5-nn 

From Intermediate 5 (150 mg, 0.71mmol) and 3-chloro-4-fluorobenzyl bromide 
(159 mg, 0.71 mmol) according to the procedure for Example 6, to give the title 
compound (148 mg, 59%). 5h (dg-DMSO) 7.68-7.64 (2H, m), 7.59-7.49 (4H, m), 7.33- 
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7.30 (IH, m), 7.25 (IH, t, 78.6 Hz), 7.14-7.10 (IH, m), 7.00 (IH, d, J 3.0 Hz), 6.55 (IH, 
d, y 9.5 Hz), 5.80 (IH, dd, J 0.5, 3.0 Hz), 5.29 (2H, s). LCMS (ES^ RT 3.394 minutes, 
. 353 (M+H*). 



4-Phenvl-l-fpvri ^in-4-YltTit^TiyT)-i,4-<1ih vdro-5/f-pvrrolof3.^ 

Intennediate 5 (125 mg, 0.6 mmol) in THF (5 ml) was treated with sodium 
hydride (60% dispersion in mineral oil, 60 mg, 1.5 mmol), 4-chloromethylpyridine 

1 0 hydrochloride (98.5 mg, 0.6 mmol) and DMSO (1 ml). The reaction was stirred at r.t. for 
2 h then warmed to 60°C for 30 minutes. After quenching with water the product was 
extracted into DCM, dried (Na2S04) and concentrated in vacuo. Chromatography (10% 
MeOH in EtOAc, silica) gave the title compound (68 mg, 38%). 5h (CDCI3) 8.54 (2H, 
dd, J 1.6, 4.5 Hz), 7.50-7.46 (2H, m^, 7.41-7.36 (3H, m), 7.27 (IH, d, J9.6 Hz), 6.93 (2H, 

15 m), 6.84 (IH, d, 73.0 Hz), 6.36 (IH, d, 79.5 Hz), 5.65 (IH, d, 73.0 Hz), 5.15 (2H, s). 
LCMS (ES*) RT 1.822 minutes, 302 (M+H*). 



20 4-Phenvl-l-fpvridin-3-vlTnethvlV l ,4-(;iiTiyrl ro-5g-pyrrolo[3.2-fc1p vridin-S-oTie 

From Intermediate 5 (125 mg, 0.6 mmol), 3-chloromethylpyridine hydrochloride 
(98.5 mg, 0.6 mmol) and sodium hydride (60% in miaeral oil, 60 mg, 1.5 mmol), by the 
method of Example 19, to give the title compound (SI mg, 32%). 6h (CDCI3) 8.62 (IH, 
dd, 7 1.4, 4.7 Hz), 8.54 (IH, d, 72.0 Hz), 7.58-7.54 (2H, m), 7.49-7.42 (5H, m), 7.34-7.30 

25 (IH, m), 6.92 (IH, d, 73.0 Hz), 6.46 (IH, d, 79.6 Hz), 5.71 (IH, d, 73.0 Hz), 5.27 (2H, 
s). LCMS (ES*) RT 2.220 minutes, 302 (M+H*). 



30 4-Phenyl-l-(1 -phenvle t^ylVl ,4-^i>Y'^^9-'^^- pvrrolo[3.2- /»1pvri<i|iti-^-f^e 

From Ihtemiediate 5 (125 mg, 0.6 mmol), a-methylbenzyl bromide (111 mg> 0.6 
mmol) and sodiam hydride (60% in mineral oil, 31 mg, 0.78 mmol) by the method of 
Example 19 to give the title compound (76 mg, 40%). 5h (CDCfe) 7.58-7.54 (2H, m). 



5 



EXAMPLE 19 



EXAMPLE 20 



EXAMPLE 21 
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7.49-7.44 (3H, m), 7.41-7.31 (4H, m), 7.18-7.16 (2H, m), 7.08 (IH, d, ,73.1 Hz), 6.37 
(IH, 4 79.5 Hz), 5.70 (IH, d, J3.1 Hz), 5.54 (IH, q, J7.1 Hz), 1.92 (3H, d, 77.06 Hz). 
LCMS (ES^ RT 3.320 minutes, 315 (M+H^. 

5 EXAMPLE 22 

l-f3-CMorobeDzyl)-4-phenvl-2-fpw o1iHm-1- ylsulfon^^ 
fc ]pyridin>5-one 

Intermediate 12 (140 mg, 0.408 mmol) in THF (10 ml) was treated with sodium 
1 0 hydride (60% dispersion in mineral oil, 19.5 mg, 0.49 mmol) under nitrogen at r.t After 
stirring for 10 minutes 3-chlorobenzyl bromide (84.3 mg, 0.41 mmol) was added and the 
reaction stirred for 3 h. After 3 h TLC showed httle change so fixrther sodium hydride 
(60% dispersion in mineral oil, 20 mg, 0.41 mmol) was added followed by DMSO (1 nol), 
and the reaction heated at 70®C for 1 h then at r.t. overnight. The reaction was partitioned 
1 5 between water and DCM, and the organic phase separated, dried (Na2S04), and 

concentrated in vacuo. Purification by chromatography (BtOAc-silica) gave the title 
compound (62 mg, 33%). 5h (de-DMSO) 7.88-7.85 (IH, m), 7.63-7.58 (2H, m), 7.54- 

7.50 (IH, m), 7.47-7.44 (2H, m), 7.39-7.34 (2H, m), 7,22 (IH, s), 6.97-6.94 (IH, m), 6.48 
(IH, d, J9.S Hz), 6.07 (IH, s), 5.71 (2H, s), 3.09-3.04 (4H, m), 1.65-1.60 (4H, m). 

20 LCMS (ES^ RT 3.283 minutes, 468 (M+H^. 

EXAMPLE 23 

Ethvl l-benzvl-5-oxo-4-phenvl-4.5-dihydro-liy-pyrrolo[3 .2-f?]pvridine-2-carboxylate 
25 Phenylboronic acid (47 mg, 0.37 mmol), pyridine (0.05 ml, 0.57 mmol) and 

copper(II) acetate (69 mg, 0.37 mmol) were added to a suspension of Intermediate 17 (57 
mg, 0.19 mmol) in DCM (2 ml). The reaction mixture was stirred overnight at r.t. The 
reaction mixture was diluted with DCM (20 ml), washed with 2M HCl, dried (MgS04) 
and concentrated in vacuo. Purification by chromatogr^hy (10%-20% EtOAc in DCM) 
30 gave the title compound (44 mg, 62%). 5h (CDCfe) 7.20-7.60 (9H, m), 7.04-7.00 (2H, m), 

6.51 (IH, d, J9.7 Hz), 6.30 (IH, d, J0.6 Hz), 5.71 (2H, s), 4.18 (2H, q, J7.1 Hz), 1.20 
(3H, t, J7A Hz). LCMS Metiiod C (ES^ RT 2.44 minutes, 373 (M+H^. 
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EXAMPLE 24 

Ethvl l-f3-chloro-4-fluorobenzvlV5-oxo-4-phenvl-4.5-daivdro-1 yf-pvrrolor3.2- 
f»]pYriHine-?-c arboxvlate 
5 From Intermediate 20 (880 mg, 2.53 mmol), phenylboronic acid (617 mg, 5.06 

tnmol), pyridine (0.61 ml, 7.59 mmol) and copper(II) acetate (920 mg, 5.06 mmol) 
according to tiie procedure for Bxmsple 23. Purification by chromatography (15% BtOAc 
in DCM, siHca) gave the title compound (630 mg, 59%). 5h (CDCI3) 7.45-7.25 (6H, m), 
7.03-6.76 (3H, m), 6.49 (IH, d, J9.7 Hz), 6.24 (IH, s), 5.56 (2H, s), 4.1 1 (2H, q, J7.1 
10 Hz), 1 . 14 (3H, t, y 7. 1 Hz). LCMS (ES^ RT 3.83 minutes, 425 [^^Cl]:427 [^'Cl] 3: 1 
(M+H^. 

EXAMPIJB25 

15 Ethvl l-(3-tnethvlbenzvn-5-oxo-4-phenvl-4.5-dihvdro-lg-pvr rolof3.2-Z>lPvridine-2- 
carboxvlate 

From Intermediate 23 (354 nog, 1.14 tmnol), phenylboronic acid (278 mg, 2.28 
mmol), pyridine (0.28 nd, 3.42 mmol) and copper(n) acetate (414 mg, 2.28 mmol) 
according to the procedure for Example 23. Purification by chromatography (15% EtOAc 
20 in DCM, siHca) gave the title compound (348 mg, 79%). 5h (CDCfe) 7.57-7.34 (6H, m), 

7.15- 7.10 (IH, m), 7.00 (IH, d, J7.6 Hz), 6.84 (IH, s), 6.78 (IH, d, J7.6 Hz), 6.52 (IH, 
d, 79.5 Hz), 6.30 (IH, s), 5.67 (2H, s), 4.18 (2H, q, J7.1 Hz), 2.24 (3H, s), 1.20 (3H, t, J 
7.1 Hz). LCMS (ES") RT 3.77 minutes, 387 (M+H*). 

25 EXAMPLE 26 

Ethvl l-f3-chlorobenzvlV5-oxo-4-phenvl-4.5-dihvdro-l.g-pvrrolo[3.2-Z>] pY"'HiTift-2- 
carboxvlate 

From Intermediate 26 (300 mg, 0.91 nomol), phenylboronic acid (222 mg, 1.82 
30 mmol), pyridine (0.22 ml, 2.73 mmol) and copper(II) acetate (330 mg, 1 .82 mmol) 

according to the procedure for Exan:]ple 23. Purification by chromatography (15% EtOAc 
in DCM, silica) gave the title compound (317 mg, 86%). 6h (CDCI3) 7.50-7.31 (6H, m), 

7.16- 7.14 (2H, m), 6.97 (IH, s), 6.87-6.85 (IH, m), 6.51 (IH, d, /9.7 Hz), 6.28 (IH, s). 
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5.64 (2H, s), 4.15 (2H, J7.1 Hz), 1.17 (3^ t, J7.1 Hz). LCMS (ES") RT 3.80 
minutes, 407 ['*C1]:409 [^^Q] 3:1 (M+H*). 

EXAMPLE 27 

5 

1 -f 3-(3Joro-4-fluorQbenzvlVA^-methoxv-A/^methvl-5<>xo-4-ph f^r'Yl-^ , '^-Hihyrlrn-I ff- 
pyrrolo[3,2-Z>]pvridiae -'2-carhnxaTnide 

A suspension of Intemiediate 27 (1 10 mg, 0.28 mmol) in DCM (2 ml) was treated 
with EDC (80 mg, 0.42 mmol), iST.O-dimethylliydroxylamine (41 mg, 0.42 mmol) and 

1 0 triethylamine (0. 12 ml, 0.84 mmol). The reaction was stirred at r.t. overnight. The 
reaction mixture was diluted with DCM (20 ml), washed with 2M HCl, dried (MgS04) 
and concentrated in vacuo. Purification by chromatogr^hy (20% EtOAc in DCM, silica) 
gave the title compound (36 mg, 29%). 5h (CDCU) 7.48-7.34 (6H, m), 7. 12-6.91 (3H, m), 
6.52 (IH, d, J9.7 Hz), 6.23 (IH, s), 5.52 (2H, s). 3.40 (3H, s), 3.18 (3H, s). LCMS (BS") 

15 RT 3.37 minutes, 440 f ^Cl]:442 [^^Cl] 3:1 (M+H*). 

EXAMPLE 28 

i\r-Metfaoxv-A^-methvl-l-('3-methvlbenzvlV5-oxo-4-phenvl-4.5 -Hthvifrn-T^-pviTolor3.2- 
20 /i]pyrirfiTifi-9-f'arhnyamide 

From Intermediate 28 (29 mg, 0.08 mmol), using EDC (23 mg, 0. 12 mmol), N,0- 
dimethylhydroxylamine (12 mg, 0.12 mmol) and triethylamine (0.034 ml, 0.24 mmol), 
according to the procedure of Example 27. Purification by chromatography (20% EtOAc 
in DCM, siUca) gave the title compound (11 mg, 34%). 5h (CDCfe) 7.50-7.33 (6H, m), 
25 7.19-7.11 (IH, m), 6.99 (IH, d,y7.6 Hz), 6.87 (IH, s), 6.79 (IH, d, J7.6 Hz), 6.48 (IH, 
d, J9.7 Hz), 6.15 (IH, s), 5.52 (2^ s), 3.34 (3H, s), 3.15 (3H, s), 2.23 (3H, s). LCMS 
(ES*) RT 3.27 minutes, 402 (M+H*). 



30 
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EXAMPLE 29 



l-(3-CMorobeDzvlVN-methoxv-JV-methv^^ 
fe ]pyridine-2-carboxamide 
5 From Interniediate 29 (56 mg, 0. 1 5 mmol), using EDC (43 mg, 0.23 mmol), iV;0- 

dimethylhydroxylamine (22 mg, 0.23 nnnol) and triethylaraine (0.06 nd, 0.45 nxtnol), 
according to the procedure of Example 27. Purification by chromatography (20% EtOAc 
in DCM, silica) gave the title compound (21 mg, 34%). 5h (CDCI3) 7.50-7.33 (5H, m), 
7.19-7.16 (3H, m), 7.02 (IH, s), 6.94-6.91 (IH, m), 6.50 (IH, d, 79.6 Hz), 6.21 (IH, s), 
10 5.55 (2H, s), 3.38 (3H, s), 3.17 (3H, s). LCMS (ES^ RT 3.33 minutes, 422 [^^Cl]:424 
[^^a]3:l(M+ir). 



EXAMPLE 30 



15 1 -( 3-Chloro-4-fluorobenzyl)-S-oxo-4-phenyl-4.5-dihydro- IH-pyrrolo [3 .2-&]pyridine-2- 
carboxamide 

A suspension of Intermediate 27 (100 mg, 0.25 ntimol) in DMF (1 nol) was treated 
with GDI (50 mg, 0.30 mmoY) and stirred at room tenoperature for 1 h. Ammonia 880 (1 
no!) was added and the reaction mixture stirred at r.t. for 1 h. The reaction mixture was 
20 partitioned between DCM and water (30 ml each) and the organics dried (MgS04) and 
concentrated in vacuo. PurijBcation by chromatography (5%THF in EtOAc, silica) gave 
the title compound (65 m& 65%). 5h (de-DMSO) 7.75 (IH, d, 7 9.6 Hz), 7.69 (IH, br s), 
7.38-7.01 (8H, m), 6.93-6.90 (IH, m), 6.19 (IH, s), 6.15 (IH, d, ^9.6 Hz), 5.63 (2H, s). 
LCMS (ES") RT 2.98 minutes, 396 [^^Cl]:398 [^''Cl] 3:1 (M+H^. 

25 

EXAMPLE 31 

l-f3-MethvlbenzvlV5-oxo-4-phenvl-4,5-dihydro-lg-pvrrolo[3^^ 

30 From Intermediate 28 (200 nc^g, 0.56 nmnol) according to the procedure for 

Exarqple 30. Purification by chromatogrsqphy (5% THF in EtOAc, silica) gave the title 
compound (100 mg, 50%). 5h (de-DMSO) 7.94-7.87 (2H, m), 7.62-7.44 (5H, m), 7.30- 
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7.24 (2H, m), 7.12-7.07 (2H, m), 6.94 (IH, d, 77.5 Hz), 6.43 (IH, s), 6.39 (IH, d, J 9.6 
Hz), 5.90 (2H, s), 2.31 (3H, s). LCMS (ES^ RT 2.91 minutes, 358 (M+H^. 

EXAMPLE 32 

5 

l-(3-CMorobenzyft-5-oxo-4-phenvl-4.5-dih y<^<'"-lW LpyiTolo[3 i^-fe^ 
carTx^vamtde 

Prom Intermediate 29 (200 mg, 0.53 mmol) according to the procedure for 
Exanople 30. Purification by chromatogr^hy (5% THF in EtOAc, silica) gave the title 
1 0 compound (75 mg, 38%). 6h (de-DMSO) 8.00-7.92 (2H, m), 7.67-7.53 (3H, m), 7.48- 
7.29 (6H, m), 7.16-7.11 (IH, m), 6.47 (IH, s), 6.42 (IH, d,y 9.6 Hz), 5.93 (2H, s). 
LX:mS (ES^ RT 2.95 minutes, 378 [^^a]:380 [^'Cl] 3:1 (M+H*). 

EXAMPLE 33 

15 

4-Phenyl-l-(2-phenylethyl) -l -4-dihy dro-5/f-pyrrolo[3.2-&]p yridin-5-nfiR 

A solution of Intermediate 5 (210 mg, 1.00 mmol) in THF and DMF (5 ml each) 
was treated widi sodium hydride (60% in mineral oil, 200 mg, 5.00 mmol) at r.t. 2- 
Phenylethyl bromide (0.68 nH, 5.00 mmol) was added and the reaction stirred at r.t. 

20 overnight. The reaction mixture was partitioned between water (30 ml) and EtOAc (40 
ml), washed with brine (20 ml), dried (MgS04) and concentrated in vacuo. Purification 
by chromatography (50% EtOAc in DCM, silica) gave the title compound (218 mg, 68%). 
5h (CDCI3) 7.82-7.52 (9H, m), 7.32-7.30 (2H, m), 6.94 (IH, d, 72.8 Hz), 6.66 (IH, d, J 
9.5 Hz), 5.79 (IH, d, J2.8 Hz), 4.49 (2H, t, 7 7.1 Hz), 3.32 (2H, t, 77.1 Hz). LCMS 

25 (ES^ RT 3.34 minutes, 3 1 5 (M+lf). 

EXAMPLE 34 

l-(3-CMorQhenz vlVS-oxo-4-phenvl-4.5-dihvdro-li/-pvn-olof'3.2-^ ]pyHHiiift-7.-cm 
30 A suspension of Bxan^le 32 (200 mg, 0.53 mmol) in DCM (2 ml) was treated 

with pyridine (0. 1 1 nd, 1 .06 mmol) followed, after a few minutes, by TFAA (0.09 nol, 
0.64 mmol). The reaction was stirred at r.t for 15 minutes. BtOH (2 ml) was added and 
stirred for 5 minutes prior to removal of solvents in vacuo. The residue was dissolved in 



wo 2004/031188 



-65- 



•CT/GB2003/004214 



DCM (15 ml) and washed with copper(II) sulfate (2 x 10 ml), dried (MgSO*) and 
concentrated in vacuo to give the title compound (175 mg, 92%). 5h (cb-MeOD) 7.87 
(IH, d, 79.7 Hz), 7.55-7.43 (3H, m), 7.32-7.23 (4H, m), 7.18 (IH, s), 7.06-7.03 (IH, m), 
6.55 (IH, d, J 9.7 Hz), 6.25 (IH, s), 5.45 (2H, s). LCMS (ES^ RT 3.43 minutes, 360 
5 [^^Cl]:362 f^d] 3:1 (M+H^. 

EXAMPLE 35 

l-(3-CMorobeDzvlVA^.Ar-diTTiethv1-5-oxo-4-phenyl-4.5-<^ihvHrn-1//-pvr^ 

10 fc] pyriduie-2-carboxaraide 

A solution of Intermediate 29 (400 rag, 1.00 mmol) in DMF (5 ml) was treated 
sequentially with thionyl chloride (0.15 ml, 2.00 mmol), then 2M dimethylamiae in THF 
(1.5 ml, 3.00 mmol). The reaction mixture was stirred at r.t. for 15 imnutes. Water (20 
ml) was added and the mixture extracted with DCM (2 x 20 ml), dried (MgS04), 

1 5 concentrated in vacuo and purified by chromatography (EtOAc, siUca) to give the title 
compound (200 mg, 50%). 5h (^-MeOD) 7.86 (IH, d, J9.5 Hz), 7.52-7.40 (3H, m), 
7.33-7.31 (2H, m), 7.23-7.18 (2H, m), 7.10 (IH, s), 7.09-6.98 (IH, br m), 6.42 (IH, d, J 
9.5 Hz), 5.77 (IH, s), 5.38 (2H, s), 2.95-2.83 (6H, br m). LCMS (ES*) RT 3.12 minutes, 
406 [^^Cl]:408 [^'Cl] 3:1 (M+H*). 

20 

EXAMPLE 36 

l-(3-CMorobcnzyl)-iy-iiiethyl-5-oxo-4-phenyl-4.5-dihv(ko-l/f-pvrrolof3.2- />1pv^^ 
carboxamide 

25 From Intermediate 29 (400 mg, 1 .00 mmol), using methylamine hydrochloride 

(203 mg, 3.00 mmol) and triethylamine (0.42 ml, 3.00 mmol), according to the procedure 
for Bxan^le 35. Purification by chromatography (EtOAc, siHca) gave the title compowtd 
(104 mg, 27%). 5h (<fe-MeOD) 7.92 (IH, dd, J0.5, 9.5 Hz), 7.67-7.53 (3H, m), 7.46-7.43 
(2H, m), 7.33-7.25 (2H, m), 7.17 (IH, s), 7.08-7.05 (IH, m), 6.53 (IH, d, 79.6 Hz), 6.29 

30 (IH, d, 70.5 Hz), 5.88 (2H, s), 2.78 (3H, s). LCMS (ES*) RT 3. 12 minutes, 392 
[^^Cl]:394 [^Cl] 3:1 (M+H*). 
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EXAMPLE 37 

l-(3-ChlorobeDzvn-4-phenvl- Mr^"V^^'" -l-^lc^t)o nYl)-1 ,d-AihyArn.'i^-fivrTo\o\3.2- 
fc ]pyridiii-5-one 

5 From Intermediate 29 (400 mg, 1.00 mmol), using pyrrolidine (0.25 ml, 3.00 

mmol), following the procedure of Exanq>le 35. Purification by chromatography (EtOAc, 
siUca) gave the title compound (102 mg, 24%). 5h (da-MeOD) 7.92 (IH, d, J, 9.6 Hz), 
7.53-7.41 (3H, m), 7.34-7.31 (2H, m), 7.24-7.17 .(2H, m), 7.07 (IH, s), 7.00-6.97 (IH, m), 
6.44 (IH, d, J 9.6 Hz), 5.87 (IH, s), 5.45 (2H, s), 3.33 (2H, t, J 6.7 Hz), 3.13 (2H, t, J6.7 
1 0 Hz), 1 .78-1 .70 (2H, m), 1 .64-1 .57 (2H, m). LCMS (ES"^ RT 3.3 1 minutes, 432 
[^^Cl]:434 ["CI] 3:1 (M+H^. 

EXAMPLE 38 

15 l-(3-CMorobenzyl)-5-oxo-4-pheny1-4.5-ATiYHro-1/f-pyn-olo[3.2-&]pvridine-2- 
carhnh yAraside 

A solution of Exanqple 26 (200 cog, 0.49 mmol) in 2-ethoxyethanol (3 ml) was 
treated with hydrazine hydrate (0.10 ml, 2.04 mmol) and heated at IIS'C overnight. The 
reaction mixture was concentrated in vacuo. Purification by chromatography (10%-50% 
20 EtOAc in DCM, siHca) gave the title compound (60 mg, 3 1%). 5h (ds-MeOD) 7.8 1 (IH, 
d, J9.6 Hz), 7.55-7.41 (3H, m), 7.34-7.31 (2H, m), 7.21-7.13 (2H, m), 7.06 (IH, s), 6.99- 
6.95 (IH; m), 6.42 (IH, d, J 9.6 Hz), 6.17 (IH, s), 5.76 (2H, s). LCMS (ES") RT 2.78 
minutes, 393 [^^Cl]:395 [^Cl] 3:1 (M+H*). 

25 EXAMPLE 39 

Bthvl l-(3-chloroben2vn-4-f lg-indol-5-vn-5-oxo-4.5 -Hi1ivf^rn-1 ff-pvrrolo[3.2- 
fe'| pvridnie-?.-carboxvlate 

From Intermediate 26 (500 mg, 1.51 nmool) and 5-indolylboronic acid (488 mg, 
30 3.03 mmol) according to the procedure for Example 23. Purification by chromatogre^hy 
(10%-50% EtOAc in DCM, silica) gave the title confound (300 mg, 44%). 5h (db- 
MeOD) 7.96 (IH, d, /9.8 Hz), 7.51-7.48 (2H, m), 7.43-7.41 (IH, m), 7.33-7.26 (2H, m), 
7. 17 (IH, s), 6.98-6.92 (2H, m), 6.46-6.41 (2H, m), 6.05 (IH, s), 5.76 (2H, s), 4.09 (2H, q, 
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77.1 Hz), 1.07 (3H, t, J 7.1 Hz). LCMS (ES*) RT 3.62 minutes, 446 [^^Cl]:448 [^'Cl] 3:1 
(M+H*). 

EXAMPLE 40 

5 

Ethyl l-(3-cMorobeDzvI^-S-oxo-4-(3-tMenvl)-4.5-HiTiydrn-1jg-prm-olop ,^^^^^ 
carboxylate 

From Intermediate 26 (500 mg, 1.51 mmol) and thiophene-S-boionic acid (388 
mg, 3.03 mmol) according to the procedure for EiEample 23. Purification by 
1 0 chromatography (10%-50% EtOAc in DCM, silica) gave the title compound (100 mg, 

16%). 5h (db-MeOD) 7.44-7.38 (3H, m), 7.19-7.15 (3H, m), 7.00 (IH, s), 6.90-6.84 (IH, 
m), 6.53-6.41 (2H, m), 5.67 (2H, s), 4.21 (2H, q, J7.1 Hz), 1.23 (3H, t, J7.1 Hz). LCMS 
(ES*) RT 3.80 minutes, 413 [^^Cl]:415 ["Cl] 3:1 (M+H^. 

15 EXAMPLE 41 

l-f3-<:MorobeDzvtt-4-ag-indol-5-vlV5-oxo-4.5-dihvdro-lH-pvrrolo[3J2-fe] ^ 
rarhmramiflft 

To a solution of Intermediate 30 (50 mg, 0. 12 mmol) in DMF (1 ml) was added 
20 CDI (46 mg, 0.28 mmol) and the mixture stirred at r.t for 1 h. The sohition was treated 
with 880 ammonia (0.5 ml) and stirred for a further 15 minu The reaction mixture was 
partitioned between DCM and water (10 ml each) and neutralised with 2M HCl (pH 7-8). 
The mixture was extracted with DCM (2x10 ml), dried (MgS04) and concentrated in 
vacuo. Purification by chromatography (5% MeOH in DCM, silica) gave the title 
25 compound (15 mg, 30%). 5h (da-MeOD) 7.82 (IH, d, J 9.6 Hz), 7.51-7.48 (2H, m), 7.30- 
7.25 (3H, m), 7.07 (IH, s), 7.00-6.95 (2H, m), 6.47-6.44 (2H, m), 6.28 (IH, s), 5.80 (2H, 
s). LCMS (ES^ RT 2.95 minutes, 417 [^^Cl]:419 [^''Cl] 3:1 (M+H^. 



30 



wo 2004/031188 



-68- 



•CT/GB2003/004214 



EXAMPLE 42 

Bthvl l-(4-fhioro-3-nieflivIben2yl)-S-oxo-4-pheavl- ^,'^-'^i^Y'1 r^^ 
fc] pyridme-2-carboxylate 
5 From Intermediate 33 (680 mg, 2.07 mmol) and phenylboronic acid (488 mg, 4.00 

mmoJ) according to the procedure for Bxample 23. Purification by chromatogrq)hy (5%- 
30% BtOAc in DCM, silica) gave the title compound (53 1 mg, 64%). 5h (CDCI3) 7.86 
(IH, d, 79.7 Hz), 7.56-7.44 (3H, s), 7.31 (2H, d, J7.1 Hz), 6.95 (IH, d, 77.2 Hz), 6.89- 
6.83 (2H, m), 6.48 (IH, d, J9.7 Hz), 6.19 (IH, s), 5.71 (2H, s), 4.16 (2H, q, J7.1 Hz), 
10 2. 1 1 (3H, s), 1. 16 (3H, t, 7 7. 1 Hz). LCMS (ES*) RT 3.82 minutes, 405 (M+H*). 

EXAMPLE 43 

l-(3-CMorobenzyl)-4-(3-tMenyl)-1.4- dni ydrn-5/y-pyrrolo[3 -?--^]pyri<^in-,5^^ 
1 5 From Intermediate 3 5 (680 mg, 3.15 mmol) and 3-chlorobaizyl bromide (0.45 ml, 

3.46 mmol) according to the procedure for Example 1 . Purification by chromatogr^hy 
(10%-40% EtOAc in DCM, silica) gave the title compound (843 mg, 79%). 5h (CDCfe) 
7.46-7.50 (2H, m), 7.40 (IH, d, J9.5 Hz), 7.33-7.31 (2H, m), 7.26 (IH, dd, J 1.5, 4.9 Hz), 
7.15 (IH, s), 7.04-7.00 (IH, m), 6.95 (IH, d, 73.0 Hz), 6.42 (IH, d, J 9.5 Hz), 5.91 (IH, 
20 d, 73.0 Hz), 5.22 (2H, s). LCMS (BS^ RT 3.32 minutes, 341 f ^Cl]:343 CCL] 3: 1 
(M+H^. 

EXAMPLE 44 

25 Ethvl l-(3-chlorobeiizvD-4-(4-me1hvlphenvlV5-nyf>-4 5-flihvarn-1Wi.pwolor3.2- 
/)]pvridine-2-carboxvlate 

From Intermediate 26 (350 mg, 1.06 mmol) and4-methylphenyIboronic acid (288 
ing, 2.12 mmol), according to the procedure for Example 23. Purification by 
chromatography (10-15% EtOAc in DCM, silica) gave the title compound (328 mg, 

30 74%). 5h (CDOa) 7.41 (IH, d, 79.7 Hz), 7.32-7. 18 (6H, s), 7.00 (IH, s), 6.90-6.88 (IH, 
m), 6.55 (IH, d, 79.7 Hz), 6.33 (IH, s), 5.67 (2H, s), 4.18 (2H, q, 77.1 Hz), 2.39 (3H, s), 
1.21 (3H, t, 77.1 Hz). LCMS (ES*) RT 3.96 minutes, 421 f 'a]:423 [^^Q] 3:1 (M+H*). 
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EXAMPLE 45 

l-(2-Oi^obenzyl)-5-oxo-4-pheayl-4.5-dihydro-l/f-pvn: 
carhnYamiHft 

From hitemiediate 40 (3 14 mg, 0.85 mmol) using 880 ammonia (2 ml), according 
to the procedure for Exan:q>le 35. Purification by clirontiatogr^liy (EtOAc, silica) gave 
the title compound (100 mg, 32%). 5h (d<5-DMSO) 7.75 (IH, d, 79.7 Hz), 7.72-7.70 (2H, 
m), 7.47-7.24 (5H, m), 6.99 (IH, hr s), 6.43-6.31 (2H, m), 6.21 (IH, d, J9.7 Hz), 5.90 
(2H, s). LCMS (ES^ RT 2.71 minutes, 369 (M+H^. 

EXAMPLE 46 



l-(4-Huoro-3-methylbenzyl)-5-oxo-4-phCTyl-4-5-dihvHro-lH-pyiTolo[3.2-fc]pv^ 
carboxamide 

1 5 From Intermediate 41 (504 mg, 1 .34 mmol) using 880 ammonia (2 ml), according 

to the procedure for Exan^le 35. Purification by chromatogr^hy (EtOAc, silica) gave 
the title compound (220 mg, 44%). 5h (de-DMSO) 7.85 (IH, d, J 9.7 Hz), 7.59-7.40 (3H, 
m), 7.34-7.31 (2H, m), 7.08-7.03 (IH, m), 6.99 (IH, d, J9.7 Hz), 6.92-6.87 (IH, m), 6.31 
(IH, s), 6.29 (IH, d, J9.7 Hz), 5.75 (2H, s), 2.11 (3H, s). LCMS (ES*) RT 2.95 minutes, 

20 376 (M+H*). 



EXAMPLE 47 



l-f3-CMorobenzyl)-4-(4-methylphenvlV5-oxo-4.5-dihydro-lff-pyrrolo[3.2-^>]pyridine-2- 
25 carboxamide 

From Intermediate 42 (278 mg, 0.71 mmol) using 880 ammonia (2 ml), according 
to the procedure for Bxanple 35. Purification by chromatography (20% EtOAc in DCM 
to neat EtOAc, silica) gave the title compound (168 mg, 74%). 5h (de-DMSO) 7.93-7.86 
(IH, br m), 7.39-7.23 (6H, m), 7.19 (IH, s), 7.07-7.01 (IH, m), 6.39 (IH, s), 6.32 (IH, d, 
30 79.6 Hz), 5.84 (2H,s), 2.37 (3H,s). LCMS (BS^ RT 3.06 minutes, 392[^*a]:394 [^^Cl] 
3:1 (M+H*). 
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EXAMPLE 48 



l-(3-CMorobeDzvl)-4-(4-methvlphenvlVS-oxo-4.5-A 
carbohvdrazide 

5 From Exaxnple 44 (278 nag, 0.71 nunol) tising hydrazine hydrate (3 ml), according 

to the procedure for Exainple 38. Purification by trituration with DCM gave the title 
compound (168 mg, 74%). 6h (d^-DMSO) 7.96 (IH, d, J9J Hz), 7.37-7.25 (6H, m), 7.19 
(IH, s), 7.00 (IH, d, J6.4 Hz), 6.44 (IH, s), 6.40 (IH, d,y 9.7 Hz), 5.82 (2H, s), 2.33 (3H, 
s). LCMS (ES^ RT 2.93 minutes, 407 [^^Cl]:409 [^^Cl] 3:1 (M+H^. 

10 

EXAMPLE 49 



Ethvl l-(3-cMorobenzvlV4-(2-nitrophenyl)--5->oxo-4, 5^r>ih vdro-- lif-pyiTolo[3.2- 
Z> ]pYridine-2-carboxvlate 

15 A suspension of Intermediate 26 (1.60 g, 4.85 mmol) in DMF (15 ml) was treated 

with sodium hydride (60% in mineral oil, 240 nag, 5.82 mmol) and stirred at r.t for 20 
mins. 2-Fluoronitrobenzene (1 .02 ml, 9.70 mnoiol) was added and the reaction heated at 
90°C for 3 days. The reaction mixture was concentrated in vacuo, partitioned between 
EtOAc (100 ml) and water (50 ml) and extracted with BtOAc (50 ml). The combined 

20 organics were washed witihi brine, dried (MgS04) and concentrated in vacuo. Purification 
by chromatogrgqphy (10%-15% EtOAc in DCM, silica) gave the title compound (120 mg, 
5%). 5h (CDCI3) 8.17 (IH, d, J8.0 Hz), 7.80-7.75 (IH, m), 7.65-7.60 (IH, m), 7.51 (IH, 
d, J8.0 Hz), 7.47 (IH, d, 79.8 Hz), 7.23-7.20 (2H, m), 7.03 (IH, s), 6.88-6.84 (IH, m), 
6,50 (IH, d, J9.8 Hz), 6.29 (IH, s), 5.85 (IH, d, J 16.2 Hz), 5.54 (IH, d, J 16,2 Hz), 4. 19 

25 (2H, q, J 7.0 Hz), 1.21 (3H, t, J7.0 Hz). LCMS (ES"^ RT 3.68 minutes, 452 [^^Cl]:454 
[^^Cl]3:l (M+H^. 



EXAMPLE SO 



30 1-f 1 ,3-BeDy ntTiiflg:n1-9 -vlmetiivl^-4-phenvl-l .4-dihvdrn-Sjy-pvrrolor 3,2-fe]pYridin -5-one 
From Intermediate 5 (100 mg, 0.48 mmol) using 2-(hromomefhyl)-l,3- 
benzothiazole (1 19 mg, 0.52 mmol) according to the procedure for Example 33. 
Purification by chromatography (50% EtOAc in DCM to neat EtOAc, silica) gave the title 
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compound (80 mg, 50%). 5h (CDCI3) 7.98 (IH, d, J 8.7 Hz), 7.78 (IH, d, J1.5 Hz), 7.54- 
7.34 (8H, m), 6.97 (IH, d, 7 3.1 Hz), 6.40 (IH, d, ^9.5 Hz), 5.67 (IH, d, J3.1 Hz), 5.54 
(2H, s). LCMS (ES") RT 3.17 minutes, 358 (M+H*). 

5 EXAMPLE 51 

l-rf5-CMaro-2-t MenvKme1hvll-4-phenvl-l 4-dihvdrfv5if-iyvCT 

From Intermediate 5 (100 mg, 0.48 mmol) using 2-chloro-5-(diloromethyl)- 
thiophene (0.063 nil, 0.52 mmol) according to the procedure for Exanople 33. Purification 
10 by chromatography (50% EtOAc in DCM, silica) gave the title compound ( 1 50 mg, 92%). 
5h (CDCI3) 7.50-7.32 (6H, m), 6.82 (IH, d, J3.0 Hz), 6.73-6.68 (2H, m), 6.40 (IH, d, J 
9.5 Hz), 5.58 (IH, d, y 3.0 Hz), 5. 19 (2H, s). LCMS (ES") RT 3.35 minutes, 341 
[^^Cl]:343 [^'Cl] 3:1 (M+H*). 

15 EXAMPLES! 

1- Benzvl-4-phen yl-3-('trifluoroacetvlV1.4-rtihYHrn-SH-pvrrolor3-2-fe]p vriHin 

From Intermediate 45 (280 mg, 0.86 mmol) using copper(II) acetate (26 mg, 0.13 
mmoO, pyridine (0.25 ml, 2.50 mmol), pyridine iV-oxide (238 mg, 2.50 mmol) and 
20 phenylboronic acid (391 mg, 2.50 mmol) according to the procedure for Exaiqple 23. 
Purification by chromatography (EtOAc, silica) gave the title compound (77 mg, 22%). 
5h (d6-DMSO): 8.42-8.43 (IH, n^, 7.93 (IH, d, J9.7 Hz), 7.44-7.32 (8H, m), 7.24-7.21 
(2H, m), 6.40 (IH, d, J9.7 Hz), 5.58 (2H, s). LCMS (ES^ RT 3.46 minutes, 397 
(M+H*). 

25 

EXAMPLE 53 

2- ir(2.S^-2-mvdroxvmethvnp \TToKdin-l-vl1carbonvU-l-(3-mgthvlbenzvlW-phen^^^ 
dihvdro-5^-p vrr olor3.2-fc1pvridin-5-one 

30 A suspension of Intermediate 28 (400 mg, 1 .04 mmol) in DCM (20 ml) was 

treated with EDC (403 mg, 2. 10 mmol) and HOST (284 mg, 2. 10 mmol) and stirred at r.t 
for 1 h. (5)-Prolinol (0.21 ml, 2. 10 mmol) was added and the reaction was stirred at r.t 
overnight. The reaction mixture was diluted with DCM (20 ml), washed with water, dried 
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(Na2S04) and concentrated in vacuo, P\irification by chromatography (EtOAc, silica) 
gave the title compowid (118 mg, 25%). 5h (CDCI3, 380K) 7.88 (IH, d, J 9.6 Hz), 7.56 
(2H, m), 7.47 (IH, m), 7.39 (2H, m), 7.21 (IH, d, J7.7 Hz), 7.09 (IH, m), 7.02 (IH, s), 
6.96 (IH, d, ,77.7 Hz), 6.30 (IH, d, 7 9.6 Hz), 5.84 (IH, s), 5.48 (IH, d, J 15.7 Hz), 5.42 
5 (IH, d, / 15.7 Hz), 4.03 (IH, hr s), 3.44-3,42 (IH, m), 3.37-3.36 (IH, m), 3.33-3.28 (2H, 
m), 2.29 (3H, s), 1.84-1.75 (3H, m), 1.57-1.55 (IH, m). LCMS (ES"*) RT 2.40 minutes, 
442 (M+H*). 

BIOLOGICAL ASSAYS 

10 

The followmg assays and animal models can be used to demonstrate the potency 
and selectivity of the compounds accordiag to the invention. In each assay an IC50 value 
was determined for each test con5)ound and represents the concentration of corxipoxxnA 
necessary to achieve 50% inhibition. 

15 

Preparation of activated human p38a for inhihttor assavs 
Purification of human p38a 

Human p38a, incorporating an iV-terminal (His)6 tag, was expressed in 
baculovirus-infected High-Five™ cells (Invitrogen) according to the manufacturer's 

20 instructions. The cells were harvested 72 h post-infection and lysed in phosphate- 

bufifered saline (PBS) containing 1% (w/v) p-octylglucoside and Complete, EDTA-free™ 
protease inhibitors (Roche Molecular Biochemicals). The lysate was centrifoged at 
35000 X g for 30 min at 4°C and the supernatant applied to a NiNTA™ column (Qiagen). 
Boxmd protein was ehxted by 150 mM imidazole in PBS (after awash with 15 mM 

25 imidazole in PBS) and directly applied to a HiTrap Q™ column (AP Biotech). Bound 
protein was eluted using a 20 column volume, 0 to 1 M NaCl gradient. Fractions 
containing (His)6-p38 were aliquoted and stored at -70**C prior to their activation. 

Preparation of GST-MKK6EE-containing lysates 
30 E. coli (BL21 pLysS) e:q3ressing the constitutively-activated form of human 

MKK6 fused with anTST-terminal glutathione-S-transferase tag (GST-MKK6BB) were 
harvested by centrifugation and frozen at -70**C. Cells were lysed by resuspension in 
1/1 0th the culture volume of PBS containing Complete, EDTA-free™ protease inhibitors 



wo 2004/031188 




PCT/GB2003/004214 



followed by sonication on ice for 4 x 15 sec. Cell debris was removed by centrifugation 
at 35,000 X g and the resultant supernatant stored in aliquots at -TO^'C. 



Activation of(His)6'p38 
5 0.45 ml of purified (His)6-p38 was incubated with 50 pi of the GST-MKK6EE- 

containing lysate for 30 min at 23^C in the presence of 1 mM P-glycerophosphate, 10 noM 
MgCl2 and 9 mM ATP. The extent of activation was monitored by mass spectrometric 
detection of the doubly-phosphorylated form of (His)6-p38, which routinely comprised 
greater than 90% of the final (His)6-p38 preparation. The activated (His)6-p38 was then 
1 0 diluted x 1 0 ia PBS and repurified using the method described above. The concentration 
of purified, activated (His)6-p38 was measured by UV absorbance at 280 nm using A280, 
0. 1% = 1 .2 and the preparation stored in aliquots at -70°C prior to its use in inhibitor 
assays. 



16 Tnhi'h ition Assays 

Inhibition of phosphorylation ofbiotinylated myelin basic protein (MBP) 

The inhibition of p38-catalysed phosphorylation ofbiotinylated MBP is measured 
using a DELHA-based format. The assay was performed in a buffer comprising 20 mM 
HBPBS (pH 7.4), 5 mM MgCk and 3 mM DTT. For a typical ICso determination, 

20 biotinylated MBP (2.5 ^M) was incubated at room temperature in a streptavidin-coated 
microtitre plate together with activated gst-p38 (10 nM) and ATP (1 pM) in the presence 
of a range of inhibitor concentrations (final concentration of DMSO is 2 percent). After 
fifteen minutes the reaction was terminated by the addition of EDTA (75 mM). The 
microtitre plate was then washed with Tris-buffered saline (TBS), prior to the addition of 

25 100 |il of anti-phospho MBP antibody (mouse) together with europium-labeled anti- 
mouse IgG antibody. After one hour at room temperature the plate was again washed in 
TBS followed by the addition of Enhancement solution (PerkinElmer Wallac). 
Fluorescence measurements were performed aftear a further fifteen minutes at room 
temperature. IC50 values are detemiined from the plot of logio[inhibitor concentration] 

30 (x-axis) versus percentage inhibition of the fluorescence generated by a control sample in 
the absence of ixihibitor (y-axis). 
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Purification of human Peripheral Blood Mononuclear Cells 

Peripheral blood mononuclear cells (PBMC) were isolated from nomial healthy 
volunteers. Whole blood was taken by venous puncture using heparinised vacutainers 
(Becton Dickinson), diluted 1 in 4 in RPME 1640 (Gibco, UK) and centrifoged at 400 x g 
5 for 35 nrin over a FicoU-paque gradient (Amersham-Pharmacia Biotech, UK)- Cells at 
the interfece were removed and washed once followed by a low speed spin (250 x g) to 
remove platelets. Cells were then resuspended in DMBM containing 1 0% PCS, peniciUin 
100 units ml"S streptomycin 50 pg ml'^ and glutamine 2 noM (Gibco, UK), 

1 0 Inhibitor dilutions 

Inhibitor stocks (20 mM) were kept as a frozen solution (-20°C) in DMSO. Serial 
dilutions of inhibitors were performed in DMSO as 250-times concentrated stocks. 
Lihibitors were diluted 1 in 250 into tissue culture media, prewarmed to 37°C and 
transferred to plates containing PBMC. PBMC and inhibitors were incubated together for 

15 30 min prior to addition of LPS. Inhibitors used in whole blood assays were prepared 
according to a different regime. Using the sanae stock solution serial dilutions of 
inhibitors were performed in DMSO. Mibitors were then diluted 1 in 500 straight into 
whole blood in a volume of 1 pi. Inhibitor was incubated with whole blood for 30 min 
prior to the addition of LPS. 

20 

LPS stimulation of PBMC 

PBMC were resuspended at a density of 2 x 10^ cells/well in flat-bottomed 96- 
well tissue culture treated plates. After the addition of inhibitor cells were stimulated 
with an optimal dose of LPS {E, coli strain B5:055, Sigma, at a final concentration of 1 
25 ngml"^) and incubated at 37°C in 5% C02/95% air for 18 hours. TNF-a levels were 
measured from cell-free supematants by sandwich ELISA (BioSource #CHC1751). 

LPS stimulation of whole blood 

Whole blood was taken by venous pxmcture using heparinised vacutainers (Becton 
30 DickinsonX ^00 ^1 of blood aliquoted into each well of a 24-well tissue culture 

treated plate. After the addition of inhibitor cells were stimulated with an optimal dose of 
LPS (E. coli strain B5:055, Sigma, at a final concentration of 1 pgml"^) and incubated at 
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ST'C without CO2 for 18 hours. TNF-a levels were measured from cell-free supematants 
by sandwich EUSA (BioSource #CHC1751). 



Rat LPS-induced TNF release 
5 Male Lewis rats (180-200 g) are anaesthetised with Isofluor and injected i.v. with 

LPS* in a volume of 0.5 ml sterile saline. After 90 minutes blood is collected into EDTA 
tubes for preparation of plasma samples. Plasma is stored at -70**C prior to assay for 
TNF-a by commercial BLIS A. 



10 Rat CIA 

Female Lewis rats (180-200 g) are anaesthetised with Isofluor and immunised id 
at the base of the tail with 2 x 100 jil of emulsion containing 4 mg/ml bovine collagen n 
in 0.01 M acetic acid and Freund' s Incomplete Adjuvant at a ratio of 1 : 1 . A polyarthritis 
develops with onset from about 13 days post-sensitisation. The disease is mainly 
1 5 confined to the ankles and is quantified by plethysmometry. Results are expressed as 
change in paw volume over time. 

Conclusion 

In the p38 inhibitor assays desaibed above, the compounds of the Examples have 
20 IC50 values of around 2 pM and below. The compounds of the invention are clearly 
potent inhibitors of p38 kinase^ especially p38a kinase. 



